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PREFACE. 

In trying to give a description of X ray work of use 
to medical men I encounter two principal difficulties. 
The first is that some, but not all, are well acquainted 
with the element of electrical science, and the second 
is that the use of a Crookes' tube cannot be learned 
by reading a book. 

As the majority of English medical practitioners 

hold the joint qualification of the Royal Colleges of 

Physicians and Surgeons, I have taken as my 

starting-point the syllabus of the first examination 

of the Conjoint Board. Those gentlemen who are 

skilled electricians, and who may read this book, will 

~^^ therefore pardon my including explanations of elec- 

trical terms. At the same time, the explanations 

^ given will be of little use to any who have not 

^ mastered the elements of the science to the extent 

n required for the examination just mentioned. 

As to the second difficulty, I have done my best 
to set forth, in the chapter on '* Tubes," some account 
of the vagaries of these pieces of apparatus. If the 
reader should wish to learn more about them he 
must do so practically. He should take his ap- 
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paratus into a dark-room and examine his hand 
with a fluorescent screen. He should watch the 
changtjs which take place in the shadows when 
the spark is increased. He should watch the dis- 
tortion of the shadows as his hand moves from 
side to side. He should watch all the subtle 
changes in hardness and definition. Then, pre- 
suming that he is using a hard tube, before finish- 
ing be should reverse the current for a few moments, 
and on bringing it back to its correct direction he 
will he able to see the startling but evanescent 
change in the blackness of the shadows. The effect 
uf heat on the tube should be noticed. In fact, 
every \arying mood should be ascertained as nearly 
as possible. 

An hour or two spent in this way will be of 
gi'eat ^alue to the beginner. Radiography, or the 
use of photographic plates, is not so easily learned. 
Ex]ienence is just as necessary here as in ordinary 
photography. 

Presuming, however, that the reader has the 
aiiiount of electrical knowledge which will overcome 
the first difficulty, and has the energy to overcome 
the second difficulty, it is hoped that this book 
may help him to become expert in the use of X 
rays. 

The book is divided into three parts, of which 
the ttrst is historical. 
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The second describes the apparatus most gener- 
ally used, giving especial attention to induction 
coils and focus tubes. 

The third part does not attempt to do away with 
the necessity for practice, but describes the general 
practical conditions under which X ray work is 
used, and gives hints as to how some of the greater 
difficulties may be overcome. 



R T. A. 



St. George's Hospital, 
y, 1901. 
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PART I. 

HISTORICAL. 

CHAPTER I. 

INTRODUCTION. 

X RAYS have been discovered so recently, and have been 
exploited to so great an extent in the columns of our news- 
papers, that it would seem hardly necessary to describe their 
peculiar powers. Nevertheless, a few remarks on the general 
scope of the work which may readily be performed by their 
aid, and its limitations, will not be out of place here, as they 
will help to give clear ideas as to what results the worker 
may expect. 

The word transparent is used generally to describe those 
substances through which light can pass; and by the word 
light is meant those vibrations of the luminiferous ether 
which affect the human eye. Glass and water are trans- 
parent in this sense. If we extend the meaning of the word 
to other forms of radiant energy, we at once get outside our 
everyday experiences. Thus, a strong solution of iodine, 
although nearly black in colour, and quite opaque to light 
rays, is easily penetrated by heat rays. On the other hand, 
a sheet of glass, though transparent to light, makes a very 
effective fire-screen, as it is somewhat opaque to heat rays. 

These heat rays are closely related to rays of light, being 

transverse vibrations of the ether, in which the waves have 

1 
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a longer periodic time than those of light. Again, there are 
other rays of more rapid vibration than light, known as ultra- 
violet rays, which, though they do not produce the sensation 
of light, have a very definite effect on a photographic plate. 

The popular idea of transparency then is limited by the 
sensations of the eye as an optical instrument. But since we 
already know that different substances are transparent to 
different kinds of rays, it is readily conceivable that the dis- 
covery of " a new form of radiation " ^ would give rays capable 
of penetrating many substances hitherto considered quite 
opaque. Indeed, we may consider that there is no substance 
absolutely opaque to this new form of radiation known as the 
X rays. Thus a rifle barrel, which one would expect to be 
very opaque, has been penetrated, in a beautiful radiogram 
taken by Prof. Roentgen, which shows clearly the leaden bullets 
of the cartridges lying within.^ 

Having thus secured a form of radiation to which all 
things are transparent in varying degrees, the next difficulty 
is to render the rays perceptible by the eye. 

This may be accomplished in two ways : — 

Firstly. — By means of a photographic plate. If the X 
rays fall on a dry plate, they will have exactly the same effect 
as light rays, that is, they will produce no immediate result, 
but, on development, the plate will turn black. 

As an example of the use of a photographic plate, we may 
take the photograph of a hand shown in Plate I. Here the 
rays have been passed through the hand and then allowed to 
act on the photographic plate. No part of the hand allows 



^ The title of Roentgen's .original paper. 

^ " With a tube that has become, in this way, very hard, I have obtained a 
very fine radiograph of the double barrel of a gun loaded with cartridges ; the 
flaws in the steel of the barrel, etc., are very clearly and sharply shown,'*— 
" Further Observations on the Properties of X Rays," W. C. Roentgen, Awnaleix 
der Physik iind CJietnie, 
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INTBODUCTION. 3 

the rays to pass so freely as they do through the air, so a 
shadow is thrown on the plate showing the geijeral outline 
of the hand. The flesh is, however, much more transparent 
than the bones, so the bones cast a deeper shadow. More 
opaque still are the metallic objects, such as the portion of a 
needle embedded in the finger, the rings and the bracelet, 
which cast still deeper shadows than the bones. 

Secondly, — By means of a fluorescent screen. This is a 
much more rapid method, as the operator can actually see 
the shadow without photographing it. 

It is well known that there are certain substances, such 
as fluorescein and eosin, which have the power of absorbing 
invisible ultra-violet rays, and giving out, in exchange, visible 
light rays ; thus with a proper arrg.ngement of apparatus 
these chemicals may appear luminous in the dark. 

In the same way there are certain chemicals, which will 
be described in detail in a later chapter of this book, which 
are able to transform invisible X rays into rays of light. 

If a substance possessing this peculiar power be spread out 
on a sheet of cardboard which is very transparent to the new 
form of radiation, and the X rays are allowed to fall upon it 
in a dark room, the sheet will glow with a phosphorescent 
light wherever the rays strike the chemical. 

Supposing that the hand photographed in Plate I. had 
been held between the source of X rays and the ''screen^' 
as the prepared piece of cardboard is called, then the flesh 
would cast a slight shadow, the bones would cast a deeper 
shadow, and the metallic substances being nearly opaque would 
allow practically no rays to pass through and would leave a 
black spot on the screen. In this way a shadow would be 
actually seen, similar to the one in the photograph. 

The methods of producing and utilising the X rays are 
described in this book. Naturally their value was first ap- 
preciated in the realm of surgery. The fact that the bones 
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are more opaque than the flesh at once suggests its use in 
examining bones, and the opacity of lead and many other 
metals suggests its use in finding bullets and foreign bodies 
such as needles. Up to the present these are the two chief 
uses of the X rays, but there are other great possibilities. 

I mentioned just now that Prof. Roentgen had penetrated 
a steel rifle barrel, showing the bullet within. The same 
photograph would show up any flaw in the steel of the barrel. 
This suggests the employment of these rays in examining 
castings for defects. 

The difference in the transparency of precious stones and 
their imitations has already led to their use in detecting false 
jewels. In mineralogy and mineralogical chemistry, and in 
testing the homogeneity of alloys, further applications have 
been found, whilst physicians have also begun to find uses for 
the X rays in the treatment of skin diseases. 

With regard to limitations, it must be remembered that 
all the photographs or screen pictures produced by the 
X rays are only photographs or pictures of shadows. No 
substance has yet been found which will reflect or refract 
them,^ so that the use of lenses is seemingly impossible. At 
present the most beautiful application is in the production of 
stereoscopic shadows. Still, these remain mere shadows, and 
a shadow is not always the easiest thing in the world to 
interpret. 

^ ** Finely powdered substances, in sufficient thicknesses, allow only a very 
little of the incident light to pass through, and that is dispersed by refraction 
and reflection. Now, powdered substances are quite as transparent to X rays 
as are solid bodies of equal mass. Hence, it is proved that refraction and 
regular reflection do not exist to a noticeable degree. The experiments were 
carried out with finely powdered rock salt, with powdered electrolytic silver, 
and with the zinc powder much used in chemical work. In no case was any 
difference observed between the transparency of the powdered and solid 
substance, either when using the fluorescent screen or the photographic 
plate." — ^Boentgen. 



CHAPTER II 

WORK LEADING UP TO THE DISCOVERY OF THE X RAYS. 

In Prof. Silvanus P. Thompson's presidential address, delivered 
before the London Roentgen Society in November, 1897, there 
occurs the following paragraph : — 

" In the history of science, nothing is more true than that 
the discoverer — even the greatest of discoverers — is but the 
descendant of his scientific forefathers, is always and essenti- 
ally the product of the age into which he is born. Roentgen 
himself has frankly avowed the ancestry of his discoveries. 
He himself has stated that, being aware of the existence of 
unsolved problems respecting the emission of cathode rays in 
and by an electrically stimulated vacuum tube, he had for a 
long time followed, with the greatest interest, the researches of 
Hertz and Lenard, and had determined, so soon as he should 
find the necessary leisure, to make some researches of his own. 
Behind Roentgen, then, stand Lenard and Hertz ; behind Hertz 
stand Crookes, and Varley, and Hittorf, and Sprengel, and 
Geissler ; and so back to Hauksbee, and Boyle, and Otto 
Guericke, into the beginnings of modern science as it emerged 
from the vain imaginings of mediaeval night." ^ 

Thus to trace out all the events which made the discovery 
of X rays possible would mean writing the history of electrical 
science. Seeing, however, that X rays are produced in one 
way only, so far as we know, that is, by means of the Crookes' 

^ Archives of tlie Roentgen Ray^ ii., 24. 
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tube, the history here given will be merely that of the de- 
velopment of this piece of apparatus. 

Ever since Otto von Guericke first devised an electrical 
machine which would give a spark, investigators have been 
attracted by those electrical phenomena in which light is pro- 
duced. Towards the latter end of the eighteenth century the 
invention of plate machines made possible the study of many 
luminous effects, such as the zig-zag spark 
obtained by a discharge between two con- 
ductors, and the brush discharge from a 
single conductor. It was not, however, 
until the invention of the induction coil by 
Ruhmkorff that a high-pressure discharge 
was rendered thoroughly manageable. 
Since that time the discharge has been 
investigated under all conditions. 

It is to Sir William Crookes' investiga- 
tions of the discharge through very, high 
vacua that we owe the instrument whose 
full usefulness it was left to Prof. Roentgen 
to discover. But before detailing the work 
of Sir William Crookes, a few words should 
be said as to the knowledge which had 
already been gained of discharge effects 
through air at different pressures. 

Most of these effects may be shown in 
a piece of apparatus known as the electric 
egg. It consists' of a strong egg-shaped glass vessel with 
a stop-cock fixed at its lower end, and a brass rod cemented 
tightly into a hole at the upper end. Its general appearance 
is shown in Fig. 1. The "egg" is attached to an air-pump, 
and the two brass, rods which run into the interior of the 
vessel are connected with the terminals of an induction coil. 
If now the current be turned on, before working the pump. 




Fig. 1. — Electric egg. 
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a spark will flash between the two terminals in its ordi- 
nary zig-zag form. That is, if the distance be not too great 
for the spark to leap across. If the air-pump be worked 
slowly, a series of changes takes place. The spark first passes 
more easily, then loses its intermittent natm-e and forms a 
steady thread of light from one pole to the other ; not so bright 
as the original spark, but of a beautiful purple hue. As the 
pressure is lowered by pumping out more air, the stream of 
light thickens out until it fills the whole vessel. After this 
a further lowering of the pressure causes the band of light to 
become narrower, and at the same time a strong difierence is 
exhibited between the two terminals inside the " egg ". The 
negative end, or cathode, is entirely surrounded, and clothed, 
so to speak, in a sheath of blue light. Outside this sheath 
comes a gap, and beyond this again a spindle of reddish purple 
light extending right up to the positive terminal or anode. 

In the development of the Crookes' tube, the most interest- 
ing part of the luminous egg is now the pale sheath around the 
cathode. The spindle of deeper coloured light has many beau- 
tiful and interesting properties, amongst others the way in 
which it lies in striae or bands of light alternating with dark 
bands. With these we have no especial concern here, so we 
shall simply study the effects close around the negative pole. 

Neither the electric egg nor the ordinary air-pump is very 
satisfactory when we get to higher vacua than the ones 
described thus far, but with a Geryk air-pump and a suitable 
vessel of blown glass with platinum terminals fused solidly 
through its ends, the discharge may be studied much farther. 
For an investigation of the discharge through very high 
vacua some form of mercury pump such as is described in 
Chapter VI., Pt. II., will be required. Such pumps, although 
very useful to an X ray worker who possesses some slight skill 
in glass-blowing as explained later, are not at all essential, and 
therefore it is unlikely that the larger number of those who 
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read this book will be able to carry out these experiments for 
themselves. 

Suffice it to say then that as the pressure diminishes inside 
the glass vessel, the pale sheath of light begins to draw away 
from the cathode, leaving a dark space inside it. Fig. 2 shows 
the most convenient form of vessel for exhibiting this pheno- 
menon. ^ The main tube lies between the two platinum ter- 
minals marked respectively -I- and - , and it is within this tube 
that the light and dark spaces are to be seen. The side tube 
leads to the air-pump. The upper two-thirds of the tube 
show the purple spindle breaking up into striae, whilst around 
the cathode marked - is the pale sheath of light. Within the 



Fig. 2. — Discharge through Partial Vacuum. 

sheath, at the zone indicated by the arrow head, is the dark 
space. 

As the pressure is further diminished, the dark space 
becomes wider, and soon afterwards the blue light dies away ; 
and instead of the air within the tube giving light, the glass 
itself begins to glow with a golden yellow fluorescence. This 
shows first in patches, then as the blue light vanishes entirelj-, 
the yellow fluorescence gives a steady glow in some definite 
part of the tube, which varies according to the position and 
shape of the platinum terminals. 

When the vacuum has arrived at this last state, the tube is 
a form of Crookes' tube, and what little air it contains behaves 
under the influence of electrical excitement in a diflerent way 
from ordinary gaseous air. 
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To understand this difference we must know something of 
the kinetic theory of gases. By this theory " a gas is supposed 
to consist of a great number of molecules moving with great 
velocity," ^ but the number of molecules, even in a very small 
space, is so enormous that none has to travel very far before 
colliding with another. The average distance which a mole- 
cule travels under a given pressure is spoken of as the mean 
free path at that pressure. 

If air be pumped out from a closed vessel, or in other 
words, if a large number of molecules be removed, then the 
mean free path of those which remain will become greater. If 




Fig. 3.— Crookes' Tube. 

we continue pumping long enough we shall eventually leave 
so few that the mean free path will be as large as the length 
of the vessel. In this case the molecules will travel from end 
to end with no other collisions than their encounters with the 
wall of the vessel. When a gas has been reduced to this state 
it is spoken of as radiant matter, or matter in the radiant 
state. 

A Crookes' tube is essentially a closed glass vessel furnished 
with two electrodes or metallic connections with the outside, 

1 Clerk Maxwell, Theonj of Heat, 
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and containing air or some other substance in the radiant 
state. Such a tube is shown in Fig. 3. 

If the terminal marked - , known as the cathode, be con- 
nected with the negative terminal of an induction coil, and 
the -I- or anode with the positive terminal, molecules will be 
flung off* violently from the cathode, and as they meet with no 
other particles they set up a bombardment on the glass at the 
far end of the tube. Under the influence of this bombard- 
ment the glass gives out a light whose colour varies with its 
chemical composition. With ordinary glass the colour is 
yellowish. 

By enclosing various substances in the tube, so that they 
come under the influence of this bombardment, many beauti- 
fully coloured fluorescences are obtained. Sir William Crookes 




Fig. 4. — Crookes' Experiment. 

examined these colours spectroscopically, and found that he 
could detect the most minute traces of impurity in many 
substances which had not hitherto come within range of 
spectroscopic examination. 

Crookes' theory of radiant matter was very much questioned 
by continental physicists, who preferred to consider that the 
energy emanating from the cathode was some form of ethereal 
disturbance to which they gave the name of cathode rays. 

To substantiate his theory, Crookes performed a number 
of remarkable experiments, three of which are described here 
as they help to throw light on later work. 

A tube was constructed somewhat in the form shown in 
Fig. 4. The anode and cathode were situated so that a straight 
line joining their centres was well to one side of the tube. On 
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the other side was placed a pair of glass rails. Running 
freely on the rails was a wheel each of whose spokes carried 
a mica vane. To perform the experiment the tube was set so 
that the rails were accurately horizontal. On passing the 
current the radiant matter from the cathode struck the vanes 
lying uppermost on the wheel and caused them to move, thus 
making the wheel run along the rails towards the anode. 

The second experiment, which is interesting to ray workers 
as showing that the radiant matter stream travels in straight 
lines from the surface of the cathode, is shown in Fig. 5. A 
mica cross was inserted in the tube so as to interfere with the 




Fig. 5. — Crookes' Experiment. 

stream of molecules ; the result was that when the tube was 
excited the glass fluoresced where the stream was able to reach 
it but not where the mica cross intercepted the molecules, thus 
throwing a shadow as shown in the figure. 

The third experiment shows how the molecular stream 
may be focalised on a point by means of a concave cathode. 
A bulb was blown containing at one side a concave aluminium 
cathode. At the centre of curvature of the aluminium was 
placed a little ball of platinum, connected by a platinum wire 
with the outside of the bulb and forming the anode. On 
exciting such a bulb the concentrated bombardment of mole- 
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cules flying off radially from the cathode had so great an 
action that the platinum became red hot. 

During these experiments an event occurred which, seen by 
the light of later discoveries, shows how near Sir William 
Crookes was to discovering the phenomena which take place 
outside his radiant matter tubes. 

In a paper read before the Roentgen Society on 11th 
January, 1898, by Mr. William Webster, the Allowing passage 
occurs : — 

"To Sir William Crookes we undoubtedly owe the fact 
that the X rays were ever noticed, for if he had not invented 
his tube, this society would not have been in existence. He 
informed me that during an experiment with a camera and 
one of his tubes he noticed, on developing the plates, that 
certain marks corresponding to his fingers appeared on the 
films, and thinking it was due to defective plates, returned 
them to the makers with some strong remarks. Now if he 
had only thought of the tube, Crookes would have been first 
in the field, for the experiment took place before Roentgen's 
discovery/' 

Whilst Crookes was striving to prove his radiant matter 
theory. Prof. Lenard was equally industrious trymg to dis- 
prove it. In 1894, two years or so before the discovery of 
the properties of X rays, he discovered that under certain 
conditions some form of radiation took place outside a tube. 
Hittorf had already shown that if an aluminium cross be 
substituted for the mica one, shown in Fig. 5, no shadow is 
cast. Lenard, considering that the cathode rays, as he called 
them, would penetrate aluminium, made a radiant matter tube, 
in one part of which a thin sheet of aluminium was used 
instead of glass. He discovered that cathode rays were to be 
detected outside the aluminium. 

One of the experiments of Crookes was to place inside his 
tube a phosphorescent screen which was lit up by the radiant 
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matter. Lenard placed a similar screen ^ outside his aluminium 
** window " and found that it lit up. 

Crookes' streams of radiant matter could be deflected by 
a magnet, as shown in Fig. 6. The stream was first passed 
through a small hole in a mica plate and then allowed to move 
longitudinally along a phosphorescent screen. This screen 
marked out the track of the molecules by a bright streak. A 
magnet, placed as in the figure, deflected the streak. Lenard 
showed that the illumination of a screen placed outside his 
" window " could also be deflected by a magnet, though not 
to the same extent. 

We need not follow the controversy farther. The general 
opinion amongst English physicists is that the bombardment 
of the aluminimn plate has some action on the molecules of 
air on the other side of the plate. 



Fig. 6. — Crookes' Experiment. 

Lenard's experiments are interesting to the radiographer 
chiefly as leading to the first observations of rays outside a 
Crookes' tube. 

About the same time another worker, Prof. Herbert Jackson, 
of King s College, had designed a tube destined to play a great 
part in X ray work. To quote again from Mr. Webster's 
paper : — 

" Prof. Jackson made his first focus tube in 1894. . . . 
It is exactly the same form which is now used throughout 

' Crookes' fluorescent material was zinc sulphide or calcium sulphide. 
Lenard's was pentadecylparatolyl ketone. Neither of these substances is 
sufficiently sensitive for X ray work. 
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tlie scientific world, and it was during that year that he was 
actually experimenting with phosphorescing small screens made 
with potassium platino-cyanide crystals when he demonstrated 
the fact that wood, vulcanite and allied materials were pervioas 
to certain rays produced by the electrical bombardment in this 
tube, and also that metals were impervious to certain rays, 
but pervious in varying degrees to others. I have not onlv 
this evidence from Prof. Jackson's own mouth, but also from 
others who knew of his experimental work." 

This brief sketch of the experimental work leading up to 
Roentgen's discovery shows that things were fully ripe, and 
the X rays could not hide themselves much longer from human 
knowledge. One day Prof. Roentgen saw the shadow of a 
.skeleton hand on a fluorescent screen, and the great discover} 
had been made. 



CHAPTER III. 

THE DISCOVERY. 

On 8th November, 1895, Prof. Wilhelm Conrad Roentgen, 
working in the Institute of Physics in the University of 
Wiirzburg, in Bavaria, first saw a fluorescent chemical glow 
under the influence of the X rays. In December of the same 
year he read a paper to the Wlirzbiu'g Physico-Medical Society 
oYi " A new form of radiation '*. In the first two paragraphs 
of the paper he described his discovery as follows : — 

" If we pass the discharge of a large Ruhmkorft* coil 
through a Hittorf or sufficiently exhausted Lenard, Crookes 
or similar apparatus, and cover the tube with a somewhat 
closely fitting mantle of thin black cardboard, we observe, in 
a completely darkened room, that a paper screen washed with 
barium platino-cyanide lights up brilliantly, and fluoresces 
equally well whether the treated side or the other be turned 
towards the discharge tube. Fluorescence is still observable 
2 metres away from the apparatus. It is easy to convince 
one's self that the cause of the fluorescence is the discharge 
from the apparatus and nothing else. 

" The most striking feature of the phenomenon is that an 
influence capable of exciting brilliant fluorescence is able to 
pass through the black cardboard cover, which transmits none 
of the ultra-violet rays of the sun or of the electric arc, and 
one immediately inquires whether other bodies possess this 
property. It is soon discovered that all bodies are transparent 
to this influence, but in very ditferent degrees." 
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In the few weeks which had elapsed between the original 
discovery and its announcement, Prof. Roentgen had made 
an enormous number of observations, so that the first paper, 
from which the above quotation is taken, contained a very 
large amount of information. 

During this short time he had tested the transparency of 
a number of substancea He had discovered the photographic 
power of the rays, and had made photographs of various 
shadows ; and he had made pin-hole photographs of his tubes, 
besides carrying out many experiments with the idea of eluci- 
dating various theoretical points. 

Curiously enough the property which was destined to make 
the X rays so useful in surgery, namely, the different degree in 
which they penetrate flesh and bones, was only referred to in 
two short passages. 

In paragraph 2 is the statement : — 

" If the hand be held between the tube and the screen, the 
dark shadow of the bones is visible within the slightly dark 
shadow of the hand." 

In paragraph 14 the following occurs : — 

" Many shadow pictures, the formation of which possess a 
charm, I have observed — some photographically. For example, 
I possess photographs of the shadow of the profile of the door 
separating the room in which was the discharge apparatus from 
the room in which was the photographic plate ; also, photo- 
graphs of the shadows of the bones of the hand, of the shadow 
of a wire wound on a wooden spool, of a weight enclosed in 
a small box, of a compass in which the magnetic needle is 
completely surrounded by metal, of a piece of metal, the 
homogeneity of which was brought out by the X rays, etc" 

Although the original paper contained so large an amount 
of information, it suggested many lines of investigation which 
were taken up by experimenters throughout the civilised xvorld. 
The earliest work done in this country was in the way of 
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photography. The English photographic newspapers, after a 
short interval of scepticism, published practical details, together 
with pictures of hands and other objects, thus bringing the 
requisite knowledge to many outside the scientific world, which 
first received accurate information through the pages of 
Nature. 

Foremost amongst these periodicals were the Photograni 
and the Amateur Photographer. The former published a 
special number containing shadow pictures of such objects as a 
razor in its case, a set of metallic objects, such as a key and a 
pocket corkscrew photographed through a sheet of aluminium, 
and a frog, showing bones, by Mr. A. A. Campbell Swinton, 
and others by Mr. J. W. Gifford. The Amateur Photographer 
printed a hand and other objects by Dr. Slaby. 

Such publications as these turned the attention of a large 
number of experimentei-s so strongly towards photography 
that the other method of utilising the rays seems to have been 
greatly neglected. 

Roentgen's first experiments were made with a fluorescent 
screen of barium platino-cyanide, by means of which, as he 
tells us, he was enabled to examine the bones of his hand 
directly, and without taking the trouble of photographing 
them. This seems to have been overlooked ; for within a few 
months of the original discovery the fluorescent screen was 
claimed as a new discovery by Salvioni and others. 

Edison examined the fluorescing effect of the rays on a 
large number of chemicals, and came to the conclusion that 
the best substance with which to coat a screen was tungstate 
of calcium, but afterwards improved on this by using crystal- 
line calcium tungstate, which contained in solid solution a 
little manganese tungstate. Mr. Herbert Jackson used the 
hydrated potassium platino-cyanide, which is more easily pre- 
pared in the pure state than the barium salt. Roentgen's 
original substance, however, has gradually reasserted itself. 
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It is very diiBcult to purify and crystallise suitably, but 
several makers now prepare it in such a state that it fluor- 
esces more brilliantly than any other substance; and the 
modest 2 metres mentioned by Roentgen as the distance from 
the tube where fluorescence was still visible, has grown to 50 
or 60 feet and more. 

This increase in power is, however, due not only to the 
increased efiiciency of the screens, but also to improvements in 
other apparatus, notably tubes. But before speaking of these 
improvements, let me quote another passage from Prol 
Silvanus P. Thompson's inaugural address to the London 
Roentgen Society, in which he pointed out that the discovery 
of the X rays by means of the barium platino-cyanide screen 
was no haphazard thing, but something far higher. He 
said: "Lenard's success in bringing the cathode rays them- 
selves to the outside of the Crookes' tube, and the existence of 
the long-standing dispute as to the nature of those rays, are 
two circumstances which might well stimulate other inquirers 
to examine further the phenomena attendant on electric dis- 
charge in high vacua. In 1895 fluorescent screens were not 
things likely to be lying about accidentally, even in a laboratory 
where Crookes' tubes were being used Hence Roentgen's dis- 
covery cannot in any sense be called accidental; it was the 
result of deliberate and directed thought. He was looking for 
something — he knew not precisely what; and he found it. 
Fortunate the discovery may well be deemed, but not for- 
tuitous." 

As was told at the end of the last chapter, Prof. Jackson 
had been working with a special form of Crookes' tube, 
which has since become famous as the focus tube. He at once 
found the superiority of this form over the ones used by 
Roentgen, and thus enormously improved our power of using 
the X rays. The rays as originally produced travelled in 
straight lines, starting from many parts of a somewhat large 



THE DISCOVEBY. 19 

area. When produced in a focus tube they start almost from 
a point, thus giving exceedingly sharp shadows. Further, the 
focus tube was more eflScient, and, for a given expenditure of 
electrical energy, emitted the X rays in larger quantities than 
the older tubes. 

This tube, in which the stream of radiant matter is f ocussed 
on a platinum plate, instead of being allowed to fall on the 
glass of the tube, is described on page 90 et seq. It may be 
considered as the greatest improvement which has been made in 
our methods of producing X rays. Apparatus has been made 
more powerful, and improved in mechanical details, but no great 
change has been made from Roentgen's original methods which 
can in any way compare with the introduction of the focus tube. 

Before its introduction, so far as I can discover, no com- 
plaints had been made of X ray dermatitis. Indeed, Dr. Walsh 
has suggested that this peculiar form of skin irritation should 
be named focus tube dermatitis instead of the more commonly 
used name. At first the existence of this peculiar effect was 
greatly doubted, and any irritation reported was put down to 
electrical effects which might be caused by passing wires 
bearing the high-pressure current too near the skin of the 
patient. The fact has, however, slowly but surely asserted 
itself, that prolonged exposure to focus tubes strongly excited 
has an injurious action on the skin. This question has been 
investigated by many dermatological experts, especially by 
Prof. EUihu Thomson in America and Dr. David Walsh in Eng- 
land In Dr. Walsh's well-known book. The Roentgen Rays 
in Medical Work, an exhaustive account is given of this 
peculiar action. It is, however, comparatively rare, and has 
had no effect in stajang the rapid introduction of X ray 
apparatus into hospitals and consulting-rooms. 

The first idea, at any rate of the general public, on hearing 
of Roentgen's discovery, was that its chief use would be the 
localisation of bullets, needles and foreign bodies generally. 
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This seemed so self-evident that the difficulty of localising a 
needle in a hand or foot is absolutely startling. The shadow is 
so elusive. Take for instance the radiogram of a foot shown 
in Plate IL The plate shows the view of the plantar surface. 
The mark of the needle's entrance was perfectly visible, but 
the needle itself could not be felt. A second radiogram taken 
from a different point of view showed that the needle was 
nowhere near the plantar surface. 

In all localisation cases two photographs are necessary, and 
even then, without great precautions, very erroneous ideas may 
be arrived at. 

Various kinds of apparatus have been designed to make 
work of this kind more reliable, but in most cases calculations 
of more or less complexity are needed All difficulty has, how- 
ever, been done away with by the carefully thought out sjrstem 
of Dr. Mackenzie Davidson published in the British Medical 
Journal of 3rd December, 1898. His system is stereoscopia 
By means of a special apparatus he takes two radiograms from 
two accurately defined positions some few inches apart, and 
either examines the results through a stereoscope or makes 
measurements by means of an ingenious arrangement of silk 
threads. Some of the work done by its aid, such as the localisa- 
tion of scraps of steel in the eyeball, may be considered as the 
highest point which has so far been reached in this direction. 

More recently Dr. R^my, of Paris, has invented a localising 
apparatus which also dispenses with the need for calculationa 
Instead of the silk threads, he uses steel pointers. Dr. R^my 
gives these pointers the very apt name of " materialised rays," 
because they are used to trace out the paths of special raya 
The name would apply just as well to the silk threads of the 
Davidson localiser. 

On page 124 et seq. descriptions are given of both these 
instruments, and on page 142 various other methods for the 
rapid localisation of foreign bodies are described. 




Plate II.— Needle in Foot. 
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While this development was approaching its present per- 
fection, other workers were trying to discover the action of 
X rays on bacteria. The peculiar penetrative action of the 
rays would make them valuable aids to the physician if it 
could once be shown that they had a therapeutic eiFect. This 
was naturally one of the first ideas which occurred to physicians. 

So far as the eiFects of the X rays on germ life are con- 
cerned, just sufficient results were obtained .to suggest the 
possibility of further success, but not sufficient to justify great 
hopes. Sormani^s early experiments (1896) in Italy showed 
no effect whatever on culture of pathogenic organisms; but 
later experiments, probably with more powerful apparatus, 
have shown that guinea-pigs inoculated with tubercle culture 
and exposed daily to the action of X rays showed very little 
disease at the end of six weeks, whereas animals similarly 
injured but not submitted to X ray treatment were described 
as showing abscess at the point of inoculation, enlarged glands, 
and general loss of condition. These experiments have given 
the same results in the hands of Fiorentini and Luraschi in 
Italy, and Lortet and Genoud in France. 

On the other hand, many experiments have been carried 
out with the intention of helping diagnosis without thera- 
peutic effects being observed. 

So far as medicine and surgery are concerned, the history 
of X rays up to the present tells us that foreign bodies, even 
such as renal and vesical calculi, can in most cases be accurately 
localised and measured. That injuries to bones can be rapidly 
diagnosed, and that abnormal conditions of heart and lungs 
can be readily recognised. In later chapters more will be said 
on these subjects, but only in so far as they concern the actual 
X ray work. Those who wish for further information as to 
medical and surgical details are referred to Dr. Walsh's book 
which has already been mentioned. 



PART II. 

APPARATUS AND ITS MANAGEMENT. 
CHAPTER I. 

ELECTRICAL TERMS. 

When Prof. Roentgen made the discovery that a properly 
prepared screen would fluoresce under the action of X rays, 
he was using apparatus which had already been bi;ought to 
a high state of perfection. Sources of power were ample. 
Electrical engineering had provided excellent primary and 
secondary batteries, and the streets of most English and con- 
tinental cities had electric mains running side by side with 
the gas and water supplies. The induction coil was an instru- 
ment which had been brought from a mere toy to a highly 
^flScient instrument, and Crookes' tubes were made and ex- 
hausted by many instrument makers. 

Most of these instruments were, however, only used for 
special investigations, and their use was confined to quite a 
limited number of workers. As was to be expected, the great 
sphere of usefulness opened up by Roentgen's discovery 
brought a large amount of inventive talent to bear on this 
special class of electrical apparatus. 

The instrument makers of the civilised world have pro- 
duced so great a variety of coils, tubes and other accessories 
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that it is almost impossible to give a full account of X ray 
apparatus. 

In this section, therefore, no attempt has been made to 
cover the whole ground, but certain typical forms have been 
selected for detailed description. When these types are under- 
stood, no difficulty will be experienced in following out the 
action of their varieties. 

An ordinary installation such as is supplied by most makers 
would Qonsist of — 

Battery, 
Induction Coil, 
Crookes' Tubes, with stand. 
Fluorescent Screen, 
Photographic Materials. 

Of these, the first two are the most costly, and become 
the permanent parts of the installation. The battery is the 
source of electrical power, and the coil is the transformer by 
which the electrical power is " transformed " into the peculiar 
condition necessary for the proper exciting of the Crookes' 
tube. The current from the battery is, comparatively speak- 
ing, a large one at a low pressure. The action of this current 
on the induction coil supplies us with a comparatively minute 
current at an enormously high pressure. In a different class 
of installation the battery and coil would be replaced by some 
form of so-called static machine, which supplies the high- 
pressure current directly, so that no transformer is required. 

In describing these instruments it is necessary to use elec- 
trical terms which are often puzzling to those who have no 
special knowledge of electricity. The explanations of the more 
common terms given in the following pages are not intended 
to be definitions, but rather general descriptions. 

Electrical Quantities. — Electrical energy, like all other 
forms of energy, may be measured by reference to the funda- 
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mental units of length, mass and time, but as a general rule 
these units are unsuited for practical work. A practical system 
has therefore been generally adopted, and the quantities here 
given are the practical ones. 

Electro-motive Force, also called potential difference, elec- 
trical pressure or electrical tension, is defined ^ as " that which 
moves, or tends to move, electricity from one place to another ". 

A very close analogy exists between the flow of water and 
the flow of electricity, and it is very easy, by following out 
the analogy, to gain more concrete ideas on the subject. If 
two cisterns be connected by a tube, the flow of water through 
the tube will be governed by the difference in level between the 
water surfaces in the two cisterns. The water will flow from 
the higher to the lower. In the same way electrical levels are 
spoken of as potentials; electricity will flow along a wire 
from a point at high to a point of low potential, and the flow 
will be caused by the diflerence of potential or electro-motive 
force. 

The practical unit of electro-motive force is a volt, which is 
very nearly that of a Daniell's cell. The high-pressure dis- 
charge of the Holtz machine has an electro-motive force of 
about 53,000 volts. 

Resistance. — "Substances that are very bad conductors 
are said to offer a great resistance to th6, flow of electricity 
through them. There is indeed no substance so good a con- 
ductor as to be devoid of resistance." -^ 

Resistance then is the inverse of conductivity. In the 
water analogy the conductivity of the connecting pipe would 
be governed by its diameter. A very thin pipe would not 
allow so much water to pass in a given time as a thick one. 
It would offer a greater resistance. The unit of electrical 
resistance is the ohm. A column of pure mercury having a 

^ Eleinentary Electricity, Silvanus P. Thompson, pi 155. '^ Ibid. 
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cross section of a square millimetre and a length of 106*3 
centimetres has an ohm resistance. 

Current. — "The strength of a current is the quantity of 
electricity which flows past any given point of the circuit in 
a second."^ 

This is of course dependent both on the electro-motive force 
and on the resistance. Returning to our analogy, the quan- 
tity of water which will pass any section of the pipe in a 
second will vary firstly, with the difference between the levels 
of the two reservoirs, and secondly, on the width of the pipe. 
It will increase with the increase of difference between the 
levels, and decrease with the narrowing of the pipe. 

The unit of current is the ampere, or that current furnished 
by a pressure of one volt through one ohm resistance. This 
leads directly to Ohm's law which is referred to several times 
in the description of X ray apparatus. The law is that the 
strength of a current varies directly as the electro-motive force 
and inversely as the resistance of the circuit. This may be 
conveniently expressed thus : — 

0-1 

where C is the current measured in amperes, 

E is the electro-motive force measured in volts, 
R is the resistance measured in ohms. 

Quantity. — We shall not have much need of this expression 
in describing X ray work, as in most cases it will be suffi- 
cient for us to measure currents or " quantities per second ". 
The practical unit of quantity is a coulomb. In a current of 
one ampere the electricity passes any given point of the 
circuit at the rate of one coulomb per second. 

Capacity is another term of which we shall have very 

^ Elementary Electricity, Silvanus P. Thompson. 
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little need. The capacity of a conductor or condenser Is 
measured by the quantity of electricity required to raise its 
potential one unit. Our water analogy here is not quite so 
definite. The capacity of a cistern would l)e measured by the 
quantity of water required to fill it. To compare it with 
electrical capacity, we must imagine the cisterns to be infinitely 
tall so that water may be stored up to any height. The rela- 
tive capacity will then depend on their area of cross section, or 
rather on the quantity of water which must be pumped in to 
raise the surface a foot. 

Batteries. — The word battery as used in this book means 
any chemical apparatus by which a current may be generated. 
In the water analogy the battery would become a pump. The 
chemical energy of the battery is used up in maintaining the 
difference of potential between its two poles. The pump 
would be used to pump water from the lower into the higher 
reservoir, and thus maintain the diflerence of level which 
would otherwise be altered by the flow through the pipe. 

Accumulator, Secondary Battery, Storage Battery. — These 
synonymous terms denote a type of battery which when 
exhausted may be renewed by passing a current through it, in 
the opposite direction from the current which it gives out 
when working by itself. 

Capacity of an Accumulator Cell. — The word capacity 
is here used in a somewhat loose sense, and expresses the 
quantity of available electricity which may be stored. It is 
usually expressed in ampere hours. Thus a battery of six 
cells of a total capacity of 30 ampere hours will give a 
current of 1 ampere at 12 volts pressure for 30 hours, or 
30 ampere at 12 volts pressure for 1 hour. The number of 
hours during which a current is supplied being found by 
dividing 30 by the number of amperes of current; and con- 
versely the numbers of amperes of ciu'rent being found by 
dividing 30 by the number of hours. 
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As a matter of fact, this capacity is not a perfectly constant 
quantity, as a battery discharging with a small current will 
continue working rather longer than the calculated time, whilst 
-when discharging very rapidly it runs down in less time than 
-would be expected 

Alternating Currents. — Certain dynamos supply a current 
which, instead of flowing directly from one pole to the other, 
changes its direction many times per second Each pole be- 
coming positive and negative alternately, such currents are 
known as alternating. A current flowing constantly in one 
direction is called a direct current. 

Induction. — This term is used to denote certain phenomena 
which cannot be illustrated by the water analogy. Either an 
electrical charge or a current or a magnetic pole have an 
influence which they can exert at a distance. This influence 
is known as induction. 

Magnetic Induction. — If a piece of soft iron be brought 
near the north-seeking pole of a magnet, it will acquire the 
properties of a magnet. The end nearest the original north- 
seeking pole will become temporarily a south pole, and the end 
farthest away a north pole. A simple proof of this is to 
suspend a tack from one end of a bar magnet. It will be 
found that another tack may be hung on to the end of the 
first, and so on until a chain of five or six is formed On taking 
hold of the top one and removing the magnet, they will all fall 
apart, as they are no longer subject to magnetic inductioa 
The space around a magnetic pole where its influence is exerted 
is called its 'inagnetic fidd. 

Electro-magnetic Induction. — This type of induction is of 
great practical importance. Both the dynamo machine and 
the induction coil depend upon it for their action. 

Two experiments may be described which illustrate electro- 
magnetic induction : — 

(a) If a magnet be thrust into a coil of wire, the ends of 
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which are connected with a galvanometer, a momentary current 
will be found to pass through the coil. On removing the 
magnet another momentary current will flow in the opposite 
direction. That is to say, an alteration of the magnetic field 
in the region of the coil of wire has the power of inducing a 
current in that coil. 

(b) A conductor carrying a current has an inductive eflect 
on account of the magnetic field which is always developed in 
its neighbourhood. To show this, we fit up an apparatus 
according to the diagram (Fig. 7). B is a battery or other source 
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Fig. 7. — Diagram illustrating Electro-magnetic Induction. 

of electricity whose poles are connected by means of a wire, 
part of which, F G, lies in a straight line. In this circuit the 
current may be started or stopped by means of a key at A. 
Lying parallel to the portion F G is another wire, D E, which' 
forms part of an independent circuit which contains no battery, 
but has an instrument for detecting current electricity, viz., 
a galvanometer, at C. If now the current is turned on at A, 
so that it flows through F to G, at the instant of starting, a 
momentary current will be induced in the parallel wire, running 
om E to D, or in the opposite direction from the first. On 
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stopping the current at A, another momentary current is in- 
duced, but this time running from D to E, or in the same 
direction as the original current. 

Technically we speak of the circuit A F G B, which con- 
tains the source of power, as a primary circuit, whilst DEC 
is named the secondary circuit. Starting a current in the 
primary circuit is known as " making," and stopping it as 
" breaking **. The current in the secondary circuit is called 
an induced current. 

When we come to consider the amount of the induced 
current, we find that it is dependent on the following con- 
ditions : — 

The distance between the primary and secondary wires 
— the nearer the two wires are together, the greater will 
be the inductive eifect. 

The strength of the . primary current — the greater this 
current, the higher the inductive eifect. 

The suddenness of make and break. ^In practice, as is ex- 
plained in the chapter on " Induction Coils," it is easier to break 
the current suddenly than to make it suddenly. In either case, 
the more rapid the change and the greater will be the induc- 
tive effect. 

The concentration of the magnetic field. — In the experi- 
ment under consideration the magnetic field is in air. Highly 
magnetic substances, such as iron, if placed in the neigh- 
bourhood of the wires, would considerably alter the magnetic 
field, concentrating the greater part of the field in its sub- 
stance. This should be remembered in studjring the action of 
the induction coil. 

Electro-static Induction. — If two conductors, insulated from 
each other and from the earth, one of which has a charge, or is 
at a high potential, be brought close together without actually 
touching, the uncharged conductor will be influenced by the 
charged one. The effect of this influence is shown in the 
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diagram (Fig. 8). The round conductor is supposed to have a 
positive charge, and, therefore, to be at a higher potential than 
the earth. Its effect is to induce a ditFerence of potential 
between the parts of the other. The end (marked - ) nearest 
the inducing conductor acquires a low potential, and the farthest 
end a high one. 

If, next, the long conductor be connected with the earth by 
means of a metallic wire, or even by touching it with a finger, 
the earth and the conductor become electrically one. The con- 
ductor becomes negatively charged, whilst the earth receives 
the positive charge. 

On breaking the earth connection the long conductor is 
left with a negative charge, which it retains when removed 
from juxtaposition with the original positively charged con- 
ductor. 



© C3 

Fig. 8. — Diagram of experiment on Electro-static Induction. 

This principle is used in the construction of an induction 
machine, which is, roughly speaking, an apparatus which 
brings a series of conductors in succession close to one already 
charged, connects them to earth, breaks the connection, then 
removes them in turn, each with its induced charge — in this 
way obtaining a series of small charges. 

Dielectrics. — The magnitude of an induced static charge 
depends not only on the conductors and their relative positions, 
but on the " inductive capacity " of the intervening substance. 
In Prof. Silvanus Thompson's Elementary Lessons in Elec- 
tricity ^ he explains inductive capacity thus : — 

" We have assumed up to this point that electricity could 
act at a distance, and could produce these effects of induction 
without any intervening means of communication. This, how- 
ever, is not the case, for Faraday discovered that the air in 



ELECTEICAL TERMS. 31 

between the electrified body and the conductor played a very 
important part in the production of these actions. Had some 
other substance, such as paraffin oil or solid sulphur, occupied 
the intervening space, the effect produced by the presence of 
an electrified body at the same distance would have been 
greater. The power of a body thus to allow the inductive in- 
fluence to act across it, is called its inductive capacity." Later 
on he states: "Those substances which are good dielectrics 
are said to possess a high inductive capacity". 

In statical machines the dielectrics generally used are glass 
^ or ebonite. 



CHAPTER II. 

SOURCES OF ELECTRICITY. 

General Considerations. — In this chapter only those sources 
of electricity will be considered which supply currents of low 
electro-motive force, and which are therefore used in conjunc- 
tion with an induction coil. A description of electro-static 
machines will be found in Chapter IV. 

An X ray worker who uses an induction coil has a con- 
siderable choice of sources of power. If he use a dynamo 
machine, it may either be a small one, which he himself con- 
trols, or a large one supplying the town mains. If he elect 
to use batteries, he may either use primary batteries which, 
in most cases, bum up zinc as fuel, or secondary ones, which 
store up electricity received from some primary source. 

He will be guided in his choice by such considerations as 
portability, cleanliness and general convenience. Thus, a 
secondary battery is at present almost universally hised ; it 
is portable, fairly clean and constant, but requires frequent 
recharging. If there be no means of recharging at hand, he 
may get over the difficulty by using primary batteries, but 
these are dirty, require frequent renewal of their working 
parts, and easily get out of order. The ideal arrangement is 
undoubtedly to have a supply fi^om street mains, with proper 
regulating and measuring apparatus, together with secondary 
batteries for special work. In this chapter the practical work- 
ing of these various systems is described. 
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Small Dynamos. — A dynamo electrical machine consists 
essentially of two parts : — 

(a) A magnet, or set of magnets, which produce a strong 
magnetic field. 

(6) A coil of wire (known as the armature), which rotates 
in this field. 

This rotation sets up an alternating current in the wire 
of the armature, which may either be led away as an alter- 
nating current or rectified by means of a special piece of 
apparatus known as a commutator, thus forming a direct 
current. As a radiographer is seldom called upon to manage 
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Fig. 9. — Diagram of Shunt -wound Dynamo. 

dynamos, only a few details of their structure need be studied 
here. 

Permanent magnets are scarcely ever used to produce the 
magnetic field of a djmamo, as electro magnets are more power- 
ful and more manageable. The current which excites the 
magnets is usually supplied by the machine itself. When the 
machine stops working a certain amount of residual magnetism 
is left in the iron cores of the electro magnets. If this were 
not so, the machine would give out no current when restarted. 

For small machines two methods of winding magnets are 
adopted — shunt winding and series winding. 

A shunt-wound machine should always be chosen for X 
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ray work, as an attempt to charge an accumulator with a 
series-wound machine sometimes leads to a peculiar reversal 
of the current with disastrous effects to the battery. 

Fig. 9 shows diagrammatically the arrangement of the parts 
of a shunt-wound machine when charging a storage battery. 

M is the coil of wire exciting the magnets, and is joined at 
each end to the poles, — P and + P of the armature A. B is 
the battery connected up to the poles of the dynamo so tl^t it 
may be charged. Suppose that the machine were just starting, 
and that the residual magnetism in the magnets were very 
feeble. As the armature A started rotating, it would give a 
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Fig. 10. — Diagram of Series- wound Dynamo. 

very feeble current running round the electro-magnet in the 
direction -}- P M - P. If the battery current were more power- 
ful than the current of the dynamo, then instead of the battery 
receiving a current in the direction + P B - B it would itself 
give out a current. This current would divide itself up, partly 
running through the armature and partly through the magnets. 
That portion running through the magnets would be in the 
direction -h P M - P, or in the same direction as it would be 
delivered by the djmamo. This would at once excite the 
magnets, the armature would deliver a more powerful current, 
and the pressure of the battery would be overcome. 
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A series- wound dynamo would be represented diagrammati- 
cally, using the same letters for similar parts, as in Fig. 10. 
A glance at the diagram will show that the current of the 
machine runs through the magnet in the direction A M + P, 
whilst if this were feeble, the battery current would run in 
the reverse direction. This would reverse the action of the 
machine and deliver a current through the battery in the 
wrOhg direction. 

A small shunt-wound dynamo of very simple type is 
known as the Atlas No. 2, and when driven at a speed of 
*i,000 revolutions per minute, will give a current of 5 amperes 
at 10 volts pressure. 

Although this would work a coil, if necessary,^ it is far 
better to use it for charging up storage cells (see page 54). 
For those who live in a country place, where it is difficult to 
get batteries recharged, a dynamo of this kind is the most 
convenient instrument for supplying a current. 

It may be driven by a small gas or oil engine of | 
horse-power, or by manual labour. In the latter case large 
driving wheels are used, connected with the dynamo by a 
pulley. A special wheel is now made with a handle at each 
.side so that two men may drive it. The crank shafts are 
cleared so that the driving wheel makes from three to four 
revolutions for each turn of the crank shaft. 

Seeing, however, that the operation of charging an ac- 
cumulator if carried out efficiently and economically occupies 
about ten hours, manual labour is hardly adapted for the work. 
There are, however, circumstances imder which it may be used 
with advantage, as, for instance, when very little X ray work 
has to be done. In this case the batteries may be charged 
thoroughly to begin with, and then recharged for half an hour 
or so after each operation. 

* Further remarks on the direct working of coils from dynamos are to be 
found in the Chapter on " X Raj-s in War ". 
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A most ingenious arrangement was used by Major 
Battersby who had charge of the X ray apparatus in the 
Soudan campaign. He charged his batteries from a small 
dynamo driven by means of a tandem bicycle. This was 
mounted on a wooden framework, and the tyre removed from 
the back wheel. Two soldiers pedalled, and by means of a 
strap the power was transmitted from the back wheel of the 
bicycle to the machine. 

Management of Small Dynamos. — Should a small dynamo 
" go wrong," it is best to call in the services of an electrical 
engineer, but there are several precautions which will often 
prevent trouble. Firstly, the machine should be kept as free 
as possible from dust or grit, especially the commutator and 
brushes. These are the parts most liable to go wrong. Both 
should be kept quite clean, so that each metallic section of the 
commutator may make a good connection with the brush as 
it passes. Secondly, in working the machine it will be found 
that there is one position of the movable brushes where the 
best effect is produced. This should be found by means of one 
of the measuring instruments described on page 39, and when 
once found the brushes should be clamped in position, and the 
machine, in all future work, should be run at tlie same speed. 
Thirdly, a small dynamo, when used for working the coil 
directly, should not be allowed to remain idle too long, or it 
will refuse to work, because the magnets will have lost all 
their residual magnetism. When used for recharging a battery, 
this will not matter, as the battery itself will excite the magnet 
sufficiently to start the machine. 

If the machine refuses to work, a primary battery may be 
connected with the terminals, + to + and - to -. After 
allowing the current to run for a little while, the battery may 
be removed, and on starting the machine it will at once give a 
current and rapidly reach its full power. 

Electric Mains. — When an electric supply is laid on to the 
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house or institution in which X ray work is to be carried out 
its utility varies according to whether the supply is continuous 
or alternating. If the latter, the difficulties to be overcome in 
using it are considerable. 

Where a continuous supply is available, it may be used 
directly in a stationary apparatus, or indirectly to charge the 
batteries for a portable installation. 

The current is, however, at too high a pressure to be used 
in either way, and, except when working an electrolytic break 
(see page 76), it must be greatly reduced. 

In the majority of cases the pressure is 100 to 200 volts, 
and this for average work, whether for diarging batteries or 
working a coil, must generally be reduced to about 15 volts. 

This is usually done by inserting a resistance, that is, by 
making the current flow through some substance* which does 
not conduct freely, before it comes to the coil or battery. 
Various simple methods of inserting resistances when charging 
batteries are described on page 54, but where a coil is to be 
worked directly from the mains, it is advantageous to have 
some arrangement by means of which the supply can be 
accurately regulated and measured. 

Rheostat. — This instrument, which is used for regulating 
currents, is best understood by referring to one of its earliest 
forms. This consisted of a long thin wire of German silver, 
wound in many coils round a cylinder of ebonite, and a mov- 
able key which could be made to press on any part of the 
wire. The total resistance of this wire being governed by its 
length is considerable. When using such an apparatus, the 
current from the main is passed in at one end of the wire and 
out again through the travelling key, which runs upon it. 
By moving this key along the bobbin, the current may be 
caased to pass through just as much of the resistance wire as 
is wished A diagram of the arrangement by which the 
curi'ent is made to pass through half the resistance of a 
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rheostat, before being used for charging a battery, is shown 
in Fig. 11. 

The terminals of the main current are marked respectively 
M + and M - . Let us suppose that the difference of potential 
between the point M + and the point M - will be 200 volts. 
Acting against this pressure is the battery whose electro-motive 
force we may consider to be 12 volts. If now we take any 
section of the circuit connecting M + and M - , the fall of 
potential in that section, i.e., the electro-motive force between 
the ends of the section, will be proportional to its resistance. 
Further, if the resistance of the portion of the rheostat in 
circuit (r) be nine times the effective resistance of the battery, the 
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Fig. 11. — Diagram showing Action of a Rheostat. 

electro-motive force between the ends of • r will be f^j of 200 
volts, or 180 volts, and that acting on the battery jV of 200 
volts, or 20 volts, which is sufficient to overcome the opposing 
force and to charge up the accumulator. In practice the 
rheostat is always connected with measuring instruments, so 
that no calculations are required, the rheostat being adjusted 
until the desired current passes. 

Rheostats are made of various forms, but are practically all 
the same in principle. 

Switch-boards. — This is the name given to a compendium 
of apparatus, which usually contains a rheostat or other change- 
able resistance, together with measuring instruments, and a 
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switch for turning the current on and off. These, with other 
accessories, such as lamps, are mounted on a board, which is 
permanently fixed to the wall of a laboratory or working 
room. 

Many forms of switch-board have been designed for X ray 
work, and are kept in stock by instrument makers ; but any 
electrical engineer will readily design and fit up such an 
apparatus at no great expense. The most costly part will be 
the measuring instruments — voltmeter and ammeter — which 
will cost about £2 10s. each, and the rheostat, which, if accur- 
ately made, will cost £2 or £3. 

Measuring Instruments. — When a secondary battery is 
being charged, or when its store of energy is being used to 
work a coil, or indeed in any case where electricity is being 
used, it is most important that the operator shall have some 
means of measuring the current. 

Unfortunately this is not always possible, as is explained 
later on in the section dealing with " Induction Coils," but there 
are two instruments named the voltmeter and the ammeter 
which are indispensable to the radiographer. 

The voltmeter measures the pressure of the electricity in 
volts, and the ammeter measures the current in amperes. 

Each is a galvanometer, and depends for its action on the 
fact that a magnetic needle tends to set itself at right angles 
to a wire bearing a current. This motion of the needle is 
hindered by a spring. The greater the current which is 
passed through the wire and the greater will be the angle 
through which the needle is deflected against the opposition of 
the spring. Thus the deflection of. the registering needle in 
either case will depend on the current which is passing through 
the wire. 

The difference in design between the two instruments is 
such that the current allowed to pass through the ammeter is 
either equal or proportional to that in the circuit to be tested, 
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whilst the current passed through the voltmeter is proportional 
only to the pressure between two given points in the circuit. 

The ammeter is an instrument in which the coil of wire 
has a very low resistance, so that the current in a circuit may 
pass through it without diminution, and it is always for the 
purposes of X ray work placed in series with the general 
circuit. This arrangement will be understood by reference to 
Fig. 12, which shows diagrammatically the connections between 
some source of power, such as a battery or dynamo (S), and an 
induction coil (G), The main current runs through the am- 
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Figs. 12 and 13. — Method of connecting Ammeter and Voltmeter. 



meter (A), and its quantity may be read oft* by the position of 
the needle on the scale. 

The voltmeter on the other hand has a coil of tine wire 
oflering great resistance to the passage of the current, and is 
placed in /parallel, as shown in the diagram (Fig. 13). 

The current has thus two alternative circuits, and the quan- 
tity passing through each circuit is inversely proportional to 
its resistance; but since the resistance of the voltmeter is 
exceedingly high when compared with that of the coil, it 
follows that the current passing through the voltmeter is 
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exceedingly small. So small that the small quantity which it 
takes from the induction coil may be ignored. On the other 
hand, the difference between the resistances of the coil and volt- 
meter is so great that any alteration in the resistance of the 
coil will make no appreciable difference in the quantity going 
through the meter. Under these circumstances, the only con- 
dition which will alter the current through the meter is the 
pressure at its terminals, so that this current, and hence the 
pressure, may be measured by the deflection of the needle. 

This explanation of the difference between the two instru- 
ments will also explain the difference between the ways in 
which they should be connected with the apparatus. 

They are made in all sizes, but for work with a coil up to 
18 inches air-spark, instruments reading to 25 volts and 30 
amperes are sufficient. They are often sold mounted together 
on one stand. 

Transformers. — The method of lowering the electro-motive 
foi*ce by means of resistances, described on page 37, is a very 
wasteful one, as the energy consumed in overcoming the resist- 
ance is very much greater than that used in working the coil 
or charging the battery. A more economical method, so far as 
electrical energy is concerned, is to use a transformer. This 
instiniment will be readily understood by reference to the 
earliest methods of transforming high- to low-pressure currents. 
Instead of expending a large part of the energy in overcommg 
resistance, the current was used to turn an electro-motor de- 
signed to take the high-pressm^e current. The electro-motor 
was attached to a dynamo designed to give out a low- 
pressure current when worked at the speed of the electro- 
motor. As each of these two instruments had a very high 
efficiency, a small current at high voltage was effectively trans- 
fonited into a large current at low voltage. 

A modern transformer, for direct current, is merely an 
electro-motor and a dynamo machine in one. Seeing that a 
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dynamo is a reversible machine, which can itself act as an 
electro-motor,' it will be understood that by winding two coils of 
wire, or rather two systems of coils, on the same rotating shaft, 
a combined motor and dynamo, or, in other words, a transformer, 
may be made. Instruments of this class are made specially 
for X ray work by several firms. One type is made to take 
a current of 1;^ amperes at 200 volts, and give out up to 10 
amperes at 16 volts. 

Unfortunately the increased economy of current is more 
than counteracted, except where the X rays are used very 
largely, by the cost of the instrument, which is somewhere 
about £20. 

Alternating Supply. — The street mains of an alternating 
supply carry a very high-pressure current, which, before enter- 
ing a house, passes through a transformer, which reduces the 
voltage without rectifying the direction of the current. No 
great success has been achieved by using this directly on a 
coil, though there are several specially designed coils on the 
market, which are intended to take an alternating current. 
Their special peculiarity is usually a rather complex form 
of contact breaker. 

It need hardly be stated that an alternating current is 
useless for directly charging a battery. 

The only way to use the general supply is to attach an 
electix)-motor, coupled by belting, with a low-pressure dynamo, 
thus transforming our electrical into mechanical energy, and 
using the latter to produce a low-pressure direct current such 
as we recjuire. The apparatus is, of course, costly, and it is 
doubtful whether there is anything to be gained by using an 
electro-motor in pi^eference to a gas engine. 

Wherever there is an alternating supply laid on to houses, 
there is pretty sure to be some means, within reasonable dis- 
tance, for charging batteries at small cost. 

Although the alternating current has such serious draw- 
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backs for ordinary work, it is quite possible that we may 
soon have such improvements in the use of the Tesla apparatus 
and X ray tubes worked from it, that good work may be 
achieved by its use. The Tesla apparatus is worked by means 
of an alternating current. 

At present, however, all the best work is done either with 
an induction coil or with a Wimshurst's or Holtz's statical 
machine, and the general practitioner, or any other worker 
who has no time for research, is strongly advised to adhere to 
the line which has been most fully explored. If he should 
have an alternating current supply entering his house, he will 
usually save time and money by leaving it severely alone, and 
adhering to the use of batteries.^ 

Primary Batteries. — In the first paragraph of this chapter 
primary batteries were described as being dirty and trouble- 
some. Nevertheless, there are occasions when they become a 
necessity, hence they merit a few words in any work on X 
rays. 

The principle on which they all work is illustrated by the 
simple voltaic cell, in which a plate of zinc and a plate of 
copper are immersed in dilute sulphuric acid. If the zinc he 
absolutely pure, no chemical change will take place until the 
two plates are connected by a piece of conducting wire. As 
soon as the connection is made, an electric current will flow 
through the wire from the copper to the zinc, and back 
through the acid electrolyte to the copper. At the same time, 
torrents of hydrogen gas are liberated from the copper, rising 

* It is possible to rectify an alternating current by cutting of! all the 
current running in one direction. This is done by using an asymmetric cell. 
Several such cells have been investigated ; a description of one will suffice. 

Morgan and Duff immerse two plates, one of chromium and the other of 
platinum, in dilute sulphuric acid, and pass the current through the cell thus 
formed. When the platinum is the anode, the current passes freely, but 
when the chromium is made anode no current passes. Such a cell will stop 
any current, up to 75 volts pressure, which runs through from chromium to 
platinum whilst allowing the reverse curreni to pass. 
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through the acid and escaping. If we note the defects of this 
primitive arrangement, and the general lines which inventoi's 
have followed in remedying them, we shall be in a position to 
understand the better forms of cell without detailed dascription. 

(a) If impure zinc is used, what is known as local action 
takes place, the zinc dissolving rapidly in the acid and liberating 
hydrogen, thus wasting both the zinc and the acid ; and as it 
is exactly this reaction which supplies the energy for working 
the cell, we have a rapid loss of fuel. Local action depends on 
the presence of small particles of iron or some other metal in 
the zinc, each particle forming a little cell on its own account. 
It is readily overcome by the disagreeable operation of amalga- 
mation, or covering the zinc with a coat of mercury. The 
mercury will dissolve pure zinc, and thus the surface ex- 
posed to the action of the acid will be homogeneous, and not 
liable to local action. A dish large enough to hold the zinc 
plate is partly filled with dilute sulphuric acid, and a little 
mercury poured in. The zinc plate is dipped through the acid 
until it touches the mercury. This soon spreads over the 
surface of the zinc, forming a bright patch, which must be 
gradually rubbed over the whole surface with a piece of rag 
wrapped round the end of a stick. 

Prof. Lewis Wright gives the following advice as to amal- 
gamating zinc : " The trouble can be largely reduced, compared 
with what most people find it, by the simple expedient of 
using plenty of mercury in the process, which costs no more 
in the long run. The zincs should always be cleaned before 
amalgamating with soda and then rinsed if new and greasy ; 
with dilute sulphuric acid and a fairly hard brush if black and 
corroded. Then pour a good quantity of mercury into a 
shallow basin, and some diluted sulphuric acid (1 part in 6 
to 10 of water, or what is used in the cell will do) over the 
mercury. Introduce the zinc rod or plate into the acid, turning 
well about, then into the mercury, and ' lead ' the latter over 
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the zinc with a stiff brush till the whole surface becomes silvery 
white. When all is well coated, the zinc should be well rinse<l 
with water, quite free of the acid, after which superfluous 
mercury should be brushed off into another basin or saucer 
with a rather stiff hog-hair brush. If much amalgamation has 
to be done, it is well to rub a little oil or vaseline over the 
tingei-s first to prevent the acid affecting the skin." 

All primary batteries in which zinc is used will need this 
operation, which must be repeated from time to time. 

(6) The hydrogen liberated from the copper plate does not 
at once rise through the liquid, but much of it adheres to the 
plate which has the effect first of increasing the resistance to 
the flow of electricity through the cell, and secondly of entirely 
altering the nature of the cell. Instead of a plate of copper 
and a plate of zinc, a great part of the cell consists practically 
of a plate of zinc and a plate of hydrogen. 

Hydrogen and zinc form a cell which gives a current in the 
reversed direction. 

Since the current is proportional to the electro-motive force, 
and inversely proportional to the resistance, both these actions 
of hydrogen gas tend to lower the current — the one by increas- 
ing the resistance and the other by lowering the electro-motive 
fiirce. 

The remedy for this action — known as polarisation — is 
usually a chemical one ; and in all zinc batteries which are of 
any use for X ray work, it consists of immersing the plate from 
which the hydrogen is disengaged in some oxidising liquid, such 
as nitric acid or a solution of chromic acid. These bum up the 
hydrogen as soon as it is formed. 

The difficulty of immersing the two plates in different 
li(]uids is overcome by placing one of them in a pot of unglazed 
earthenware, as is shown in Fig. 14, which represents a Bunsen 
cell. Inside the outer pot is a hollow cylinder of zinc im- 
mersed in dilute sulphuric acid ; inside this comes the porous 
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pot which contains a block of gas-carbon immersed in strong 
nitric acid. 

(c) Resistance. — The relation between current, electro- 
motive force and resistance, known as Ohm's law, and ex- 

E 

plained on page 25, is usually expressed by the formula C = = . 

The electro-motive force is dependent on the materials of 
the cell, but the resistance is a quantity which decreases with 
the area of the plates and increases with the thickness of the 
layer of liquid between them. These facts should be borne in 
mind when determining the type oi cell to be used. 

The Bunsen Cell (Fig. 14) has already been described. The 




Fig. 14.— Bunsen Cell. 

zinc needs careful amalgamation, and when working should 
be in cold sulphuric acid made up of 5 to 7 parts of water 
mixed with 1 part of strong acid.^ If this acid effervesces in 
the cell, the zincs have not been properly amalgamated. 

The nitric acid should be strong, and may be used so long 
as it continues to give off fumes. The chief difficulty with the 
carbon block is to make a good connection with the brass 
binding screw. Sometimes a hole is drilled into the top of the 
carbon and filled with lead, into which the screw is fixed. 

1 Since heat is evolved when mixing sulphuric acid and water, the dilute 
acid must be prepared some time before it is required for use (see page 55). 



SOURCES OF ELECTRICITY. 



47 



Another method is to electro-plate the end with copper, but 
this soon corrodes, and sometimes finds its way into the battery, 
ultimately depositing on the zinc. 

This cell, which gives an E.M.F. of 1*734 volts, is objection- 
able because of the nitrous fumes which it evolves, though it 
i.s fairly constant, and will work for some time. 

As soon as the work is finished, the acids must be removed, 
taking care that no trace of nitric finds its way into the 
sulphuric, that is, if it be wished to use the sulphuric again. 
The different parts are washed, replaced in position, and the 
pots filled up with clean water. This keeps the zincs and 
carbons clean, and the porous pot in good condition 




Fig. 15. — Grove's Battery. 



Grove's Cell is usually made in a different shape from that 
of the Bunsen (see Fig. 15). This decreases the resistance by 
bringing the plates closer together. Instead of the carbon, a 
piece of platinum foil is placed in the nitric acid. This gets 
over the diflSculty of the binding screw connection, and at the 
same time increases the E.M.F. to 1*956 volts. 

As platinum is expensive, plates of gas carbon are some- 
times substituted, giving a more efficient form of Bunsen cell 
of the Grove shape. 

The management ol' the Grove is similar to that of the 
Bunsen cell. 

The Bichromate Cell. — This is probably the best form for 
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<lirect work, as it gives ott' no fumes, though the Bunsen wouli 
be better for charging an accumulator. Its two plates arr 
carbon and zinc ; there is no porous pot, and the liquid is l 
solution of bichromate of potash, or better, of chromic acii 
in dilute sulphuric acid (acid, 1 part; water, 7 or 8 partv 
chromic acid to saturation). When several cells are used in 
series, some arrangement is generally supplied by means 
which both carbon and zinc, or, at any rate, the zinc, may 1> 
removed from the liqui.l as soon as work ceases. This is very 
necessary, because the mercury coat affords no protection tu 
the zinc from the effects of the acids. Such an arrangement 




Fig. 16. — Bichromate Battery with Movable Plates. 

is shown in Fig. 16, where all the zinc and carbon plates art 
fixed rigidly to a rack, which may be raised or lowered by '^ 
pulley. 

In the ordinary form of the bichi'omate cell, the carbon 
plates remain permanently in the liquid, but the zinc mav i)^ 
raised by a brass rod sliding through the cover. This form i^ 
seldom used for driving a large coil. 

The voltage of a single cell varies from 1*8 to 2*3 volt^ 
according to the state of the liquid. When in good working: 
order the bichromate or chromic acid solution should be of a 
bright orange colour. When it entirely loses this colout an-: 
becomes bluish, it should be changed. 
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Chromic acid may also be used in a " two-fluid " cell of the 
Bunsen shape. In this case the zinc is immersed in dilute sul- 
phuric acid, whilst the carbon is placed in a chromic acid solution. 
The following mixture is recommended by Wright : — 



Chromic Acid - 


1 lb. 


Potassic Chlorate - 


2 oz. 


Sulphuric Acid 


7 oz. 


Water .... 


40 fluid oz. 



Mix the sulphuric acid with the water, and allow to cool, 
then add the other ingredients. This gives a cell as powerful 
as the Bunsen, but without its fumes. The chromic solution, 
however, is just as destructive to terminals as the nitric acid 
itself ; care should accordingly be exercised in its manipulation. 

Dry Cells. — Most primary cells are excited by some liquid 
reagent, though gases have been used, as in the chlorine battery, 
and solids, as in the silver chloride cell, and the various forms 
of so-called dry battery. Where batteries must be carried 
about, it is naturally a great advantage to possess some form 
in whi^h the exciting material will neither spill nor get on to 
the terminals. Unfortunately, dry cells are not of sufficient 
constancy for any but the smallest form of X ray apparatus, 
and as the modern tendency is to use more powerful installa- 
tions, the dry battery is very seldom employed It consists 
of a closed cell whose outer casing is zinc. The positive pole 
is a rod of carbon, and the exciting material is a paste. One 
form is practically a Leclanche cell (zinc in ammonium chloride 
solution, and carbon in a composition of manganese dioxide and 
carbon), in which the liquid has been made into a paste with 
sulphate of lime. They are supplied ready for use, and when 
worn out are returned to the makers to be refilled 

Arrangement of Cells. — In providing a current for X ray 
work, one cell will never be sufficient by itself. The ques- 
tion, therefore, arises as to how the separate cells should be 
connected up. The current may be considerably altered by 
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changes in the arrangement. The ordinary rule given in text- 
books is that the highest current m obtained from a battery 
when its cells are arranged so that the total internal resistance 
is as nearly as possible equal to the resistance of the circuit 
through which the current has to be passed. 

In X ray work the safest method is to purchase large cells 
in the first place, thus ensuring small resistance in each cell ; 
and to always connect them in series, i.e., with the negative 
terminal of one cell attached to the positive terminal of the 
next, and so on. The pressure, or electro-motive force, so ob- 
tained will equal the sum of the pressures of the cells ; thus 
eight Bunsen cells, in series, will give a pressure of 1*7 x 8 = 
13*6 volts, which will work a 10-ia coil if the cells be large 
enough. 

Secondary and Storage Batteries. — A storage battery, 
when charged ready for use, acts on exactly the same prin- 
ciple as the simple voltaic cell described on page 43. Each 
cell consists, theoretically, of a plate of lead ( - ), whose sur- 
face is in a spongy condition, and a plate of lead peroxide ( + ), 
both immersed in dilute sulphuric acid. The chemical re- 
actions occurring in this cell, when it is being discharged, are 
rather complicated, but in the main the effect is to reduce the 
peroxide plate and oxidize the lead plate until both assiune the* 
intermediate form of litharge. 

The peculiarity of this cell is, that by passing a current 
from a primary battery, or a dynamo machine, in a reverse 
direction through it, ie., by attaching the + pole of the 
dynamo with the + (peroxide) pole of the cell, we get it re- 
generated — that is, we reduce the litharge on the lead plate to 
spongy lead, and reoxidize that on the oxide plate to peroxide. 
Other reactions which take place during the discharge or 
regeneration of the cell will be mentioned later. 

The earliest patterns of the cell were made by immersing 
two large sheets of lead in dilute sulphuric acid and passing a 
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current, for an hour or two, through the electrolytic cell so 
formed This would slightly alter the surfaces of the plates, 
and when they were connected through a suitable resistance, 
a small current would flow in the reverse direction from that 
originally supplied This current was allowed to discharge 
itself, and then the d37Tiamo applied again, but this time charg- 
ing it in the opposite direction. After the cell had been thus 
charged and discharged many times in opposite directions, it 
was said to be "/ormed," and could be used as a secondary cell 
of some capacity.^ 

An obvious improvement on this long and troublesome 
method of forming a cell was to coat the plates with either 
litharge, lead peroxide, or spongy lead before using them. One 
of the great advances in the manufacture of modern accumu- 
lators has been the improvement of these compositions or 
pastes. 

When they were first used, great diflSculty was found in 
making them adhere to the lead plates, and various devices 
were resorted to. A modern battery plate is usually made up 
of a leaden framework or " grid " similar to the wax of a honey- 
comb, excepting that each hole is square in section. The holes 
are filled up with the paste. To make a positive plate, a mix- 
ture of red-lead or litharge and dilute sulphuric acid is forced 
into the holes in the grid and slowly dried When perfectly 
dry it is immersed in a strong clear solution of bleaching 
powder. This oxidizes it to lead peroxide, and saves the trouble 
of forming. A negative plate may be made by filling the grid 
with paste and reducing by electricity, or by filling with 
spongy lead. 

Many kinds both of grid and paste are used, but as the 
practical management of all kinds of secondary battery is much 
the same, the above description may be taken as typical. 

* See note on *' Capacity of Accumulators " on p. 26. 
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In the cells used for radiography, the capacity is about 6 
ampere hours per square foot of area of the positive plates, so 
that to get a capacity of 30 ampere hours — and less would be 
inconvenient — the area of the positive plate must be 5 square 
feet. An ordinary cell, therefore, contains several small positive 
plates connected together and alternating with several negative 
plates. Further, if one side of a positive plate reduces or 
oxidises more rapidly than the other, it is apt to twist, so that 
it is usual to arrange the plates so that each positive has a 
negative on either side of it, thus requiring one more negative 
plate in each cell than there are positives. 

The type of cell to be selected for X ray work will depend 
on the class of work to be done. Where the batteries are to 
be moved about very much, one of the portable forms will be 
found most useful. These are generally made up in ebonite 
cells, enclosed in a case of oak or teak. The two most 
commonly used in England are Lithanode or E.P.S. (electrical 
power storage), batteries of six cells each, having a capacity of 
30 ampere hours, and supplying a current at 12- volts pressure. 

The Lithanode battery is completely closed in above with 
marine glue, excepting for stoppers, which may be removed 
to allow the escape of gas or to replenish the supply of acid. 
Such a cell is very heavy and liable to various accidents* 
A very little carelessness in transport — and there are many 
occasions when it has to be removed by unskilled servants — 
may lead to the cracking of a cell, which forms a leak, not 
only annoying on its own account, but apt to rot the wood of 
the case. I remember very distinctly a battery receiving a 
disastrous fall by the wood breaking at one of the attachments 
6f the leather handle when it was being carried. One of the 
cells had sprung a leak some time previously and had been 
repaired by the makers, and most probably the strength of 
the wood had been impaired by acid. 

It would be very much better, where batteries have to be 
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moved about very much, to use two of a lighter type, of, say, 
four cells each. The slight extra trouble in coupling them would 
be more than compensated for by their gain in portability. 

Reference to this subject will be made when considering 
practical installations (page 135). For stationary apparatus, 
where batteries are used, and where they may be charged in 
situ, it is far better to have separate open cells, which may 
easily be examined at will, the only drawback being the effect 
of evaporation. 

The E.P.S. Company supply a battery of six cells, lighter 
than the one last described ; moreover, the acid and plates are 
easier to examine, as each cell is simply covered by a wooden 
lid, the whole six being enclosed in a teak box. 

Management of Secondary Batteries. — The chemical 
changes which take place in a battery during charge or dis- 
charge are not without their mechanical effects. The manu- 
facture of plates has reached a high pitch of perfection, and 
so long as they are used carefully and intelligently, they will 
give excellent results, but as soon as they are subjected to 
strains which they are not designed to withstand, the mechanical 
effects begin to assert themselves. 

The chief of these effects is alteration in the shape of a 
plate. This may be caused by too rapid charge or discharge. 
The first is apt to heat the battery and help the disintegration 
of the plates, and the second may cause " buckling " or twisting. 
It must be remembered that the plates are very close together, 
so that a twist may easily cause them to touch one another. 

If a battery be allowed to completely discharge, it will 
begin to disintegrate, so that all batteries, whether in use or 
not, should be charged up from time to time. There is alwayS 
a certain amount of electrical leakage, so that a battery left to 
itself will gradually " run down ". 

The best method of testing a battery's condition is by 
means of the voltmeter. The voltage changes with the state 
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of its platea When it is freshly charged, each cell has a 
pressure of a little over 2 volts (about 2*2). On discharging, 
either by being left to leak by itself, or by normal use, it rapidly 
sinks to 2 volta This EM.F. it retains during discharge for 
a considerable time, and so long as each cell when tested 
registers 2 volts, it may be considered efficient. When it has 
discharged as much as is safe, the electro-motive force again 
falls to about 1*8 volts, and the battery should be at once 
recharged- 

For testing each cell separately — and this is the safest plan 
— a small voltmeter registering electro-motive forces up to 
3 or 4 volts is the best ; it costs about £2. When a voltmeter 
is used in the ordinary course of work, it is customary to 
measure the total KM.F. of the battery, thus using an instru- 
ment capable of registering 20 or 30 volts. In such a case 
the battery should not be used when the number on the volt- 
meter falls below twice the number of cells. 

Charging Batteries. — Seeing that a secondary battery is a 
somewhat expensive portion of an X ray outfit, and that its 
period of usefulness is greatly dependent on the care with 
which it is used, a careful study of the precautions necessary 
both in charging, discharging and general management will 
amply repay the radiographer. W^hen purchasing a battery, 
the buyer should always make sure of as many details as 
possible with regard to the current which is most efficient in 
charging, and the current which it is best adapted for supply- 
ing. As a rule, either the maker or dealer from whom it is 
purchased can supply a tabulated form giving size and number 
of plates, capacity in ampere hom^, normal chai'ging and dis- 
charging rates in amperes, together with such other details as 
the weight and size of the battery. 

To follow out in detail the process of charging, the first 
consideration is the state of the ''electrolyte,'' in this case sul- 
phuric acid. 
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The acid should be free from arsenic, and, as sulphuric acid 
is very cheap, and very little is required, the best brimstone 
sulphuric acid should always be used. One part of the strong 
acid is poured into seven parts of water, in a stoneware jug and 
well stirred.^ It is allowed to stand until quite cool, when 
some sediment may have settled. The specific gravity of the 
cool acid will now be about 1*190. 

This density of the acid is very important, as variations 
from the above strength make a great difference in the 
resistance of the cells, and therefore introduce the possibility 
of heating during work. Every medical man is well ac- 
quainted with the use of many forms of hydrometer, though 
the ones which he uses for such purposes as taking the density 




Fig. 17. — Hicks' Hydrometer. 

of urine are not graduated to su£Bciently high gravities for 
this work. A special one may be piu'chased at a small cost 
graduated from 1100 to 1*300. It is usually made of a 
flattened form so that it may be introduced into an open cell. 

A most ingenious hydrometer is manufactured by Mr. 
Hicks, for use with secondary cells. One form of this is 
shown in Fig. 17. The hydrometer consists of a flattened 
tube open at both ends to admit the acid, and containing 
three coloured glass bulbs or floats. The upper one, purple, 
marked 1*170, will float as soon as the acid exceeds that 
strength, the next will rise as soon as the acid exceeds 11 90, 
and the third when the gravity rises above 1*200. 

The form shown in the figure is intended for use with the 

* Never pour the water into the strong acid, but always the acid into the 
water. 
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closed form of battery so much in favour at present. The flexible 
tube is passed into the interior of the battery, and sufficient 
acid sucked up by means of the rubber bulb to float one or 
more of the coloured beads. 

Unless the battery has been transported from a distance, 
it will arrive ready charged, in which case the acid prepared 
above is only used for replenishing. 

Should the battery be purchased dry, the plates must be 
just covered with the liquid before charging, the chief pre- 
cautions being to see that the acid is quite cold and of the 
requisite strength.^ 

The next consideration is the actual charging. This may 
be done either from electric light mains, a private dynamo 
machine or primary batteries. The arrangement of the last 
has already been explained (page 49). The private dynamo 
will either have been purchased especially for this work, or 
will be one used for lighting. In the latter case it must be 
treated in the same way as a street main. 

The two requirements are (a) that the battery shall be 
correctly connected with the source of power, and where this 
is variable, with measuring instruments; and (6) that the 
current shall be regulated to the correct extent. 

With regard to the first, the negative pole of the accumu- 
lator must be connected with the negative pole of the supply, 
and the positive to the positive. 

Should there be any doubt as to which pole is which, either 
in the case of the accumulator or the supply, the simplest way 

^ Later on, in describing the operation of charging, the gravity of the acid 
is given as varying from 1*190 to 1*204. The Hicks' hydrometer can be 
supplied to measure these strengths accurately, but the one just described is 
very convenient, as the state of the electrolyte can be judged at a glance. If 
the acid has been correctly prepared, the purple bead will always float to the 
top. The middle one should not float until charging has begun. When the 
third floats the charging has gone as far as necessary, and any further current 
passed into the cell will be used up in decomposing the acid. 
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to find the direction is by means of pole finding paper. This 
may be purchased, or readily made by soaking a strip of white 
blotting-paper in a solution of sodium sulphate, coloured with 
either blue litmus or lacmoid, and drying. When required 
for use the paper is moistened and touched by two wires, 
one connected with each pole. The sodium sulphate will be 
decomposed with separation of sulphuric acid at the positive 
pole. The acid at once turns the litmus red, whilst the alkali 
developed at the other pole has no effect on the blue colour. 

As to the regulation of the current. Where a switch-board 
with rheostat and meters is available, the matter is simple. The 
accumulator is connected up with suitable wire (14 or 16 B. W.G.), 
the rheostats turned to their highest resistance, and the cun*ent 




Fig. 18. — Lamp Resistance. 

switched on. Next the rheostats are turned so as to gradually 
lower the resistance until the requisite current in amperes is 
registered on the ammeter. If this current has not been stated 
by the maker, a safe rule is to divide the capacity in ampere- 
hours by 10, and to allow 10 hours for complete charging. 
Thus an ordinary 30 ampere-hour accumulator should be 
charged with a current of 3 amperes for about 10 hours. 

There are, however, cheaper and simpler means of reducing 
the current than rheostats. At one time water resistances 
were recommended, but nowadays incandescent electric lamps, 
suitably mounted, are generally used 

An electrical engineer should be employed to make the 
necessary arrangements. Three 16 candle-power lamps are 
placed in parallel so that the resistance may be ^ of that of a 
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single lamp. These should be arranged side by side on the 
wall, with two terminals and a switch. 

A convenient arrangement supplied by several makers is 
shown in Fig. 18. Here the lamp resistance is mountedi on a 
movable board, so that the only necessary fixture is a plug, 
which the electrician will fix in the wall. He should of course 
be informed of the exact capacity of the battery, and the rate 
at which it is to be charged, so that he may insert a suitable 
safety fuse. To charge the battery from such a plug, a con- 
necting wire is used similar to that used for reading lamps. 
Both wires are usually placed in one binding for the greater 
part of their length, their free ends being fixed to a flat piece 
of copper made in such a shape that it may be readily attached 
to the terminals of the battery. After testing for negative 
and positive poles, the plug should be marked so that it may 
always be replaced in the same position, and the copper attach- 
ments should be stamped, the one with a + and the other 
with a -. 

As charging proceeds, various chemical changes take place 
in the cell. The alteration in the plates has already been 
mentioned. It is the change in the electrolj^e, however, which 
gives us a clue to the state of the cell. The acid, which had 
at first a specific gravity of 11 9, gradually dissolves a certain 
quantity of lead, until its density has risen to 1*204. When it 
reaches 1200, it becomes saturated with lead sulphate, so that 
it begins to appear milky, and when the hydrometer registers 
1204, the acid decomposes rapidly, giving off* oxygen and 
hydrogen gases. ^ 

If the charging current should be a little too strong, this 
disengagement of gas, or " boiling," as it is often called, begins 
to take place before the cell is fully charged, so that it should 
not be taken as definitely indicating that the work is complete. 

^ See footnote to p. 56. 



SOURCES OF ELECTRICITY. 59 

If the cells be open ones, a Hicks' hydrometer may be left 
in the electrolyte during the whole operation and examined 
from time to time. If they be enclosed in a box, the tube of 
the hydrometer (Fig. 18) should be introduced through one of 
the plug holes in the top, and a little of the acid sucked up from 
time to time into the tube by means of the ball, so that its 
density may be noted. The floating of the lowest ball indi- 
cates that the battery is fully charged 

It is advisable to allow the battery to stand for an hour or 
so until any gas adhering to the plates has been disengaged, 
and then to test each cell separately with the small volt- 
meter. 



CHAPTER III. 



INDUCTION COILS. 



'^ RuhmkorfTs Coil. — Medical men are well acquainted with 
the general appearance of the small coils used for producing^ 
the "faradaic" current; but as the large X ray coils are built 
up on the same principle as these small ones, it will be as well 
to consider their construction in detail. 

On page 27 will be found a short explanation of the word 




Fig. 19. — Diagram of Small Induction Coil. 

"induction," together with descriptions of experiments on in- 
duced currents. In the same place the technical terms primary- 
coil and secondary coil are defined. It is difficult to describe 
an induction coil without using technical expressions, but these 
are avoided, as far as possible, in this chapter. Where they 
become necessary they are used without explanation, and the 
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reader is referred either to the chapter on " Electrical Terms," 
or to some elementary text-book on the subject. 

The names of Mason and Du Bois Raymond are intimately 
associated with the earlier induction coils, but the form used in 
X ray work is usually considered as a development of Ruhm- 
korff s invention. 

Figure 19 shows diagrammatically the construction of a 
small coil. A thick wire, A, A, A, A, capable of carrying a 
powerful current, is wrapped in a coil round a bundle of soft 
iron wires. Outside this, and parefuUy insulated from it, is a 
coil consisting of many turns of fine wire, C, C, C, each turn 
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Fig. 20. — Mechanical Break. 

being well insulated from the next. The coil of thick wire, A, 

forms the primary, and the coil of thin wire, C, the secondary 

circuit. 

In the primary circuit is a mechanical arrangement, X, for 

rapidly making and breaking the current. Many interrupters, 
as these arrangements are named, have been devised, and the 
chief will be described in a later paragraph. One of the oldest 
(Fiszeaus) consists of an upright bar, A (Fig. 20), connected 
with the positive terminal of the battery or source of power. 
The current passes up the bar, along a screw, B, which termin- 
ates in a piece of platinum, c. The platinum presses against 
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another piece, 6, so as to form electrical contact. The piece h 
is fixed to an upright spring, F, at the top of which is an 
iron weight. R The current thus runs up A and down F. 
Thence it is led to the primary coil. G in the dia- 
^am represents the end of the bundle of iron wires. 
When the current passes, this bundle of wires becomes 
magnetised and attracts the iron weight, E. As soon as 
this moves towards G, it " breaks " the current by separating 
the platinum contacts h and c. As soon as the current stops, 
the " core " of iron, G, loses its magnetism, and the weight flies 
back under the influence of the spring, F, thus " making " the 
current. This alternate making and breaking goes on very 
rapidly. The speed at which it takes place, and the influence 
of the speed on the secondary current, is discussed later. 

At the " make " a momentary inverse current is induced in 
the secondary coil which, for reasons explained later, is com- 
paratively small and becomes suppressed, whilst at the " break " 
a powerful momentary direct current is induced, and it is this 
current which manifests itself by a spark passing between the 
ends of the secondary coil. 

A further attachment is the condenser, consisting of a 
large number of sheets of tin-foil separated by layers of 
paraffined paper. The sheets of tin-foil are connected alter- 
nately with the upright (A, Fig. 20) and the spring (F, Fig. 20) 
of the contact breaker. 

As the induction coil is one of the most important parts of 
an X ray installation, it will be described in considerable 
detail. 

The Primary Coil. — In speaking of a dynamo machine 
(page 33), it was stated that the current is caused by the motion 
of a coil of wire in a magnetic field. In an induction coil the 
secondary effect is caused by altering the magnetic field whilst 
keeping the coils stationary. Hence it is necessary that the 
magnetic field caused by the primary coil shall be strong and 
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concentrated, and shall change very rapidly with the make 
and break of the current. This concentration and strengthen- 
ing of the field is secured by means of the iron core. As 
mentioned in the last paragraph, it is usually made up of fine 
iron wire. Such a bundle of wires magnetises and demagnetises 
more rapidly than a solid core of iron, hence giving very rapid 
alterations in the magnetic field. 

In large coils, the primary consists of two or three layers of 
silk-covered copper wire (12 or 14 B.W.G.) which has been run 
through melted paraffin wax before winding. The layers are 
separated by paraffined paper. 

Let us, for the moment, ignore the secondary coil, and con- 
sider exactly what takes place in the primary as the current is 
made and broken. 

On making, a current rushes through each loop of the 
primary wire, inducing momentary opposite currents in the 
next loop of the primary wire on either side of it. This will 
oppose, and, therefore, retard the original current ; but, as it 
is only induced momentarily, it does not stop the battery 
current, but merely causes it to gradually reach its maximum. 
This effect is known as self-induction. 

On breaking, a self -induced current tends to pass along in 
the direction originally taken by the battery current. This 
being of high electro-motive force, is apt to spark across the 
contact breaker, thus causing the break to take place slowly, 
or not at all. To avoid this, the condenser is introduced, as 
already explained It acts as an electrical cushion, absorbing 
the shock of the self-induced current, and giving it back again 
to slacken the strength of the make in the primary. The 
total eflect, then, is that the make is gradual, whilst the break 
is sudden. By removing the condenser from a coil working 
with a mechanical contact breaker, the suddenness of the 
break is so altered that the resulting spark from the secondary 
coil is reduced quite 90 per cent, in length, whilst the spark at 
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the contact breaker is greatly increased. The primary coil, 
with its core, is usually covered in with a tight-fitting case of 
thin ebonite, which insulates it from the secondary. 

J he Secondary Coil. — The wire of this coil is very fine (36 
G.), as it has only a small current to carry. But, on 
account of its high electro-motive force, the wires must be 
insulated with the greatest possible care. With small eoil& 
this is done in many ways, sometimes making the whole coil 
into a solid mass by filling up the gaps between the wires 
with melted resin. The insulating material used nowadays 
is usually some form of paraflSn wax.^ For small coils silk- 
covered wire is run through melted wax and wound evenly , 
on the bobbin. Where a layer is in situ it is painted with hot 
wax so as to leave no air spaces, and waxed paper carefully 
wrapped roimd it whilst still warm, again avoiding any im- 
prisonment of air. The winding is thus continued, putting on 
layer after layer, insulating one loop from the next by wax, 
and one layer from another by waxed paper. 

In large coils the secondary is wound in sections. The 
bobbin is divided up by insulating discs of ebonite, waxed 
paper or mica. In the sections so formed are woimd a series of 
disc-shaped coils insulated by means of wax. 

The advantage of this system, introduced by Messrs* 
Siemens & Halske, is very great. Since the potential of the 
wire rises fairly regularly from one end to the other, it follows 
that the first loop on a coil woimd in the old way is at a very 
different potential from the one lying nearest to it on the 
second layer, as there is a great length of wire between the 
two. Hence the insulation in such places is liable to give way. 

In the sectional coil, no loop is very diiFerent in potential 
from those lying nearest to it, the maximum difierence being 

1 Mr. W. H. Cox tells me that he uses a mixture of paraffin wax, ozokerite 
and resin, which will not melt at any temperature to which the coil is likely 
to be exposed. 
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between the ends of the coil and not between the inner and 

outer layers. 

The terminals of the coil are connected with discharging 

rods usually fixed on pillars standing on the base-board of the 

coiL 

A word or two should be said here about the quality of 

wax used in making a coil. Workers in temperate climates 

seldom have trouble with the wax of their coils. On page 196 

mention is made of a case where the wax melted out of a coil 

during a long railway journey. A case of another kind has 

been described to me by my brother, Mr. J. E. Addyman, of 

Colombo. In the intensely damp and hot climate of this town 

his advice as an electrical engineer was asked with regard to a 

large coil which continually went wrong. He found that the 

insulating material was absorbing moisture and thus losing its 

dielectric qualities. The defect was remedied by making a 

special case for the instrument which contained a zinc drawer 

covered with a perforated zinc top and containing quicklime. 

After standing for some time in the artificially dry atmosphere 

so caused, the paraffin recovered its insulating powers, and the 

coil began to work as before. 

Another case brought to my notice some years ago (before 

Roentgen's discovery), of a small coil breaking down, was 

traced to the rotting of part of the secondary coil. In this 

case the paraffin was foimd to be impure and to contain stearic 

acid. 

Paraffin wax of various melting-points is readily obtainable, 

the usual grades being from 105° to 135° F., and it may be 

readily tested for fatty acids by melting and adding a crystal 

of rosaniline. Paraffin, if pure, is not coloured by the dye. 

Any good coil maker will make a coil specially for hot or 

damp climates if asked to do so. 

Contact Breakers. — Many inventors have turned their 

attention to the ipiprovement of contact breakers. The result 

5 
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is an enormous number of devices. There are far too many to 
be described in detail here, but each works on one of three or 
four well-defined lines, so that a description of a few types 
will enable the worker to readily imderstand any one which is 
likely to come into his hands. 

From what has been said (see page 62) concerning the work- 
ing of the primary coil and its core, it will be seen that the 
*' making " of the current takes an appreciable time. Therefore 
it is advantageous to have some m^ani^ of regulating the rate 
at which the contact breaker works, and also if possible some 
means of regulating the ratio between the time during which 
the current passes, and that during which there is no current. 

The importance of this last point will be best appreciated 
by a consideration of the difference between the effects of the 
make and the break. When the current is started (make) it 
takes an appreciable time to reach its maximimi, so that to 
obtain the full effect of the break it should be allowed to flow 
until the self-induction is overcome and the highest possible 
current is passing through the primary. With the break it is 
different. As soon as the break has taken place (and the more 
instantaneous it is the greater the inductive effect) the coil is 
ready to have the current made again. Thus, to get the 
highest inductive effect, the period during which the current is 
passing should be as long as possible, and the period during 
which none is passing as short as possible, or in other words, 
for all periods of vibration, the higher the ratio of the make 
period to the break period and the more efficiently will the 
coil work. 

Breaks may be conveniently divided into four classes: 
automatic breaks, separate magnetic breaks, mercury breaks 
and electrolytic breaks. 

Automatic Breaks: — 

(a) The Apps* Interrupter. — Mr. Alfred Apps, who has 
devoted a great many years to the study of the induction 



INDUCTION COILS. 



67 



coil, and who has made some of the finest coils in the world, 
patented, in 1867, a simple but very effective break. It is 
shown in Fig. 21, and is the same in principle as the one in 
Fig. 20. The improvements are twofold. Firstly, the tension 
screw, T, when turned to the left, strains the spring, S, towards 
the standard, A, thus causing the contacts, C E, to press more 
strongly together. The greater this pressure and the slower 
-will be the rate of vibration, thus allowing of a more com- 
plete magnetisation and demagnetisation of the core. At the 
^same time it lengthens the time of contact between the platinum 
piece to a greater extent than the time of non-contact. The 
second improvement is in the material of which the spring is 




Fig. 21. — Apps* Interrupter. 

made. Changes of temperature alter the elasticity of a metal 
spring very greatly, and continuous working of a large coil 
often makes the break very hot. Moreover, it will not stand the 
continuous alteration in the strain caused by the tension screw. 
Apps' brass is wonderfully durable, and although it is not per- 
fect in retaining its elasticity as the temperature rises, it is 
certainly better than any other metal at present in use. 

The great advantage of the Apps* interrupter is that it is 
regulated entirely by means of one tension screw. A 10-in 
coil (nominal) may easily be made to give any length of spark 
from ^-in. up to 12 ins., by simply turning this single screw. 
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Its drawback is that the pressure between the contacts, if too 
great, is not easily overcome, and this tends to render the 
break not quite so sharp. The question of the most eflScient 
pressure has been investigated, I believe, by Mr. Bowron, whose 
break is described below. 

The Apps* break has many imitations, which are usually 
much cheaper. Should circumstances necessitate the buying of 
such an one, care should be taken that the platinums are smooth 
and wide, and that the tension screw works easily and evenly. 

The practical details of working with this break are very 




Fig. 22.— The •• Vril " Break. 

few. Attention should be paid to the condition of the platinum 
contacta * These should be kept perfectly flat by filing down 
any roughness, and then polishing with emery paper. During 
.work one of the contacts will become more or less pitted, and 
the other will become roughened by the projection of particles 
of platinxmi across the intervening space during the "break ". 
When starting work with carefully flattened contacts^ the 
spring should be set absolutely free by releasing the tension, and 

^ This cannot be too strongly insisted upon. A coil which, with contact 
well flattened and polished, will give a 12-in. spark, will often only work up 
to 9 ins. with rough contacts. 
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the top screw adjusted so that interval between C E is very 
small. For the utmost effect of the coil this interval may be 
as much as ^V'^^^j ^ ^^ smaller effects less ; but it is always as 
^well to have a slight space so that the current does not start 
until a slight tension is applied. 

(6) The Vril Break — This device is, like the Apps' break, a 
type from which several others are variations. It will be 
understood on reference to Fig. 22. It consists of a standard of 
brass which supports a tension screw and contact screw as before. 
But instead of the single spring holding both contact and 
weight, two springs are used, one for each. The current, before 
reaching the primary coil, has to pass up the standard, through 
the contacts and down the contact spring, B. When the current 
passes, the magnetism of the core attracts the weight. This 
bends the weight spring, but does not instantly break the 
-circuit, for it has to travel through a certain distance before 
the tip of the screw, C, catches the head of the contact spring, 
and thus separates the contact. On the other hand, the " make " 
occurs before the weight has completed its backward swing. 
The total effect is, that the ratio between the times of current 
and no current is widened out, and the current in the primary 
is enabled to overcome the various retarding effects and reach 
its maximum before the break occurs. 

All mechanical breaks are noisy, but the extra noise which 
would be expected from the double spring arrangement may be 
overcome by placing a thin strip of rubber on the top of the 
•contact spring, where it strikes the screw, C. I have seen a* 
Vril break working with a rubber cap over this screw in 
addition to the strip on the contact spring. 

This break, when once started, is entirely regulated by the 
tension screw ; but the preliminary setting is rather more com- 
plicated than in simpler breaks. The screw. A, must be set 
— with the tension slack — so that the contacts are almost 
touching. The screw, C, will also need setting. 
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It will be noticed, as an advantage, that this break gives 
a prolonged "make" without placing a large tension on the 
spring. This has the effect of saving the platinum, which 
iloes not wear away as rapidly as in the simpler forma 

(t') The Bowron Breaks. — Mr. G. Bowron has paid con- 
siderable attention to the manufacture of eflScient breaks, and 
has made careful measiwements of the eflSciency of various 
forms. At the January (1900) meeting of the Roentgen Society, 
he showed improved forms of mechanical breaks in which he 
removed the strain as much as passible from the springs. His 
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Fig. 23. — Bowron Break. 



experience leads him to believe that the pressm'e of the contacts 
just before the break should not exceed the weight of 8 oz., 
and he even seems to think that a reduction to 4 oz. would 
have a good effect. 

The first break is adapted for coils giving up to 6-inch 
spark. It is similar in general appearance to the Apps* form, 
the only part needing description being the weight. This, 
instead of being rigidly connected with the spring, slides along 
a rod, A (Fig. 23). When the current passes, the weight moves 
along the rod, and in doing so extends the spiral spring, B. 
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When the tension on this spring rises suflSciently to overcome 
the tension on the contact spring, the contacts are separated 
At the break the weight flies back under the action of the 
spiral. This has the same effect as the Vril in prolonging the 
time of contact, thus giving a spark of given length with less 
expenditure of primary current. 

It may be objected that a longer contact must naturally 
use more current, but the reasonableness of the above state- 
ment is at once seen when put the other way round. With- 
out increasing the current we obtain a longer and thicker 
spark. 
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Fig. 24.— The Bowron Break. 



The second form, used for larger coils, and capable of 
taking a very powerful primary current, is much more com- 
plicated. It is shown diagrammatically in Fig. 24. A is a 
brass standard, which supports three adjustable screws. B is a 
contact spring, which presses the platinum contacts together 
with just the requisite force. C is a separate tension spring, 
which may be adjusted by means of the screw, D. Near the 
head of this spring, C, is a rubber buffer, which regulates the 
extent of free movement of the contact spring. F is a bar of 
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soft iron, surrounded by a (X)!! of copper wire, so that it may 
be magnetised if necessary. At its upper end it carries the 
usual iron weight, but at its lower end it is hinged so that it 
may swing freely. As it swings forward towards the core 
its movement is checked by the contact spring, B, which 
catches the screw-head, H, made of ebonite. After breaking 
the contact, the two springs, B and C, come together and op- 
pose the forward movement with their combined resistance, 
which is increased, if necessary, by applying tension with the 
screw, D. As the weight swings back on its hinge, its ebonite 
screw, after freeing the springs, is checked by the india-rubber 
buffer, K, whose position is regulated by the screw, F. 

The great advantage of this break is that the pressure at 
the point of contact is always the same, since the tension spring 
acts only on the swinging of the hammer, and not on the 
platinum contacts. High-pressure currents (25 volts for a 
10-in. coil) may be used with this break, but it is advisable to 
connect the coil surrounding the hammer, in series with the 
primary when using such currents. It appears to be highly 
efficient, and is much cleaner and more amenable to transport 
than the mercury breaks to be described later. 

Separate Mechanical Breaks.— Some makers, as the Volt- 
ohm Company, make coils without interrupters, and all fii*st- 
class makers have special sets of terminals on their coils which 
allow of the use of some external means of making and break- 
ing. Usually a mercury break or electrolytic interrupter is 
selected for use externally, but some workers prefer one of the 
so-called electro- magnetic breaks. These are usually something 
between the Apps and Vril in construction, with the addition 
of an electro magnet, which acts on the hammer in the same 
way as the primary of the induction coil. 

Mercury Breaks. — In this class of apparatus contact is 
made by dipping a conducting wire into mercury. This is, 
naturally, more efficient than bringing together two pieces of 
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platinum, as the contact between the wire and the mercury is 
so much more perfect. On the other hand, vessels of mercury- 
are not readily moved from place to place without a certain 
amount of messiness. 

Foucault's interrupter, which is the simplest form, consists 
of an iron weight on a spring which is attracted to the core 
of the primary at each make, bearing a long copper wire so 
arranged that its end just dips into a vessel of mercury at the 
backward swing, and moves up free of the mercury at the 
forward swing. 

In this form it is scarcely ever used for X ray work, as, 
although eflScient for small coils, it works too slowly for use 
with a screen, and churns up the mercury rather badly. If 
a clean surface of mercury be used, it is rapidly oxidised. If 
the surface is covered with paraffin oil or water, the mercury 
soon breaks up into very fine globules, which makes the in- 
sulating liquid a conductor. Hence it is useless for prolonged 
exposure. 

This breaking up of the mercury is the great drawback to 
all mercury breaks. It is partially overcome by setting the 
wire exactly at right angles to the surface of the mercury, 
and arranging the apparatus so that it strikes up and down 
without any alteration in the direction of its longer axis. 

This cannot be managed with a swinging arrangement, 
hence the better class of mercury break is worked either by 
a small electro-motor or by clockwork. Even an accurately 
dipping break causes some churning, but this may be reduced 
to a minimum by altering the viscosity of the mercury. This 
should be increased until it is as different as possible from 
that of the supernatant liquid, whether petroleum or water. 
When two unmixable liquids of similar viscosity are shakeri 
together, they tend to form a more or less permanent emul- 
sion, whilst two with very different viscosities have no such 
tendency. This may be readily shown by shaking up two 



72 PRACTICAL X RAY WORK. 

soft iron, surrounded by a coil of copper wire, so that it naay 
be magnetised if necessary. At its upper end it carries the 
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may swing freely. As it swings forward towards the core 
its movement is checked by the contact spring, B, which 
catches the screw-head, H, made of ebonite. After breaking 
the contact, the two springs, B and C, come together and op- 
pose the forward movement with their combined resistance, 
which is increased, if necessary, by applying tension with the 
screw, D. As the weight swings back on its hinge, its ebonite 
screw, after freeing the springs, is checked by the india-rubber 
buffer, K, whose position is regulated by the screw, F. 

The great advantage of this break is that the pressure at 
the point of contact is always the same, since the tension spring 
acts only on the swinging of the hammer, and not on the 
platinum contacts. High-pressure currents (25 volts for a 
10-ia coil) may be used with this break, but it is advisable to 
connect the coil surrounding the hammer, in series with the 
primary when using such currents. It appears to be highly 
efficient, and is much cleaner and more amenable to transport 
than the mercury breaks to be described later. 

Separate Mechanical Breaks. — Some makers, as the Volt- 
ohm Company, make coils without interrupters, and all fii-st- 
class makers have special sets of terminals on their coils which 
allow of the use of some external means of making and break- 
ing. Usually a mercury break or electrolytic interrupter is 
selected for use externally, but some workers prefer one of the 
so-called electro- magnetic breaks. These are usually something 
between the Apps and Vril in construction, with the addition 
of an electro magnet, which acts on the hammer in the same 
way as the primary of the induction coil. 

Mercury Breaks. — In this class of apparatus contact is 
made by dipping a conducting wire into mercury. This is, 
naturally, more efficient than bringing together two pieces of 
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platinum, as the contact between the wire and the mercury is 
so much more perfect. On the other hand, vessels of mercury- 
are not readily moved from place to place without a certain 
amount of messiness. 

Foucault's interrupter, which is the simplest form, consists 
of an iron weight on a spring which is attracted to the core 
of the primary at each make, bearing a long copper wire so 
arranged that its end just dips into a vessel of mercury at the 
backward swing, and moves up free of the mercury at the 
forward swing. 

In this form it is scarcely ever used for X ray work, as, 
although eflScient for small coils, it works too slowly for use 
with a screen, and churns up the mercury rather badly. If 
a clean surface of mercury be used, it is rapidly oxidised. If 
the surface is covered with paraflSn oil or water, the mercury 
soon breaks up into very fine globules, which makes the in- 
sulating liquid a conductor. Hence it is useless for prolonged 
exposure. 

This breaking up of the mercury is the great drawback to 
all mercury breaks. It is partially overcome by setting the 
wire exactly at right angles to the surface of the mercury, 
and arranging the apparatus so that it strikes up and down 
without any alteration in the direction of its longer axis. 

This cannot be managed with a swinging arrangement, 
hence the better class of mercury break is worked either by 
a small electro-motor or by clockwork. Even an accurately 
dipping break causes some churning, but this may be reduced 
to a minimum by altering the viscosity of the mercury. This 
should be increased until it is as different as possible from 
that of the supernatant liquid, whether petroleum or water. 

When two unmixable liquids of similar viscosity are shaken 
together, they tend to form a more or less permanent emul- 
sion, whilst two with very different viscosities have no such 
tendency. This may be readily shown by shaking up two 
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which the spindle is revolved, whilst the ratio between the time 
of current and the time of no current is regulated by the ratio 
between the sizes of the plates and the intervals betw-een them. 
Electrolytic Breaks. — Wehnelt found that the rapid and 
regular alterations in the strength of a current electrolysing 
dilute acid can be arranged so as to make a very efficient form 
of contact breaker. By using electrodes of enormously 
different sizes, as, for instance, the point of a platinum needle 
for the negative and a large sheet of lead for the positive, the. 
current is made and broken at a high speed and very perfectly. 
Indeed the break is so sudden and perfect that it does away 




Fig. 26. — Working Parts of Mercury Jet Break. 



with the necessity for a condenser, and already in the cata- 
logues of certain makers we find quotations for coils without 
condensers. 

The Wehnelt break is manufactured in many forms of more 
or less complexity. The simplest form may be readily put 
together by any one who wishes to make experiments with it. 
A piece of glass tubing. No. 4 size (I in. internal diameter), 
S in. long, is drawn out at one end in a gas flame, and a piece 
of thin platinum wire ^ in. long is fused into it so that be- 
tween i in. and } in. projects from the end, the rest being 
inside the tube. This will form the negative point. The tube 
is fitted into a piece of wood (A, Fig. 27), wtiich may be placed 
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across the top of a jam pot. A little mercury, B, is poured into 
the tube, and a copper wire connected with the negative pole 
of the battery or other source of electricity. A piece of sheet 
lead is bent so as to form a lining to the sides of the pot, and 
connected by a copper wire with the negative terminal of the 
primary coil. The positive terminal of the primary is con- 
nected with the positive pole of the battery. The jam pot is 
partly filled with dilute sulphuric acid (sp. gr. 1*205), and the 
break is complete. When the current is turned on, the break 
works with a huD|mijig sound. 
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FiQ. 27.— Section through portion of Improvised Wehnelt Break. 

The various forms of this break have platinum points which 
may be regulated as to size and position by mechanical means ; 
and in some cases attachments for cooling the acid and for 
getting rid of the gas which is formed by decomposition of the 
electroljrte. 

Although a battery giving 12 volts pressure will work 
this break when its resistance is suflBciently small, it is 
usually stated that the voltage necessary is from 50 to 
100 volts. The makers supply it specially designed to work 
with whatever electro-motive force the operator may have at 
his disposal. As very many direct systems are now worked at 
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200 volts, it is advisable in such cases to use a rheostat with 
the break, though high-resistance breaks can be supplied for 
use with this high pressure. 

The effect of this break is to give a torrent of sparks at 
the terminals of the secondary coil which partakes of the 
nature of a flame, but the spark-length is slightly shorter 
than with a mechanical break. When this secondary current 
is passed into an ordinary focus tube, it will very soon destroy 
the anode by melting a hole in the platinum. When the 
rheostat is used so as to decrease the current going through 
the break, and thus to insure the safety of the tube, a very 
brilliant and steady illumination of the fluorescent screen is 
obtained. The drawbacks to the use of this break are various. 
Besides the liability to spoil your tube, it is rather messy and 
ill-adapted for moving about. Moreover, the platinum point 
soon wears out, and its renewal is not easy to a'n amateur 
instrument maker. 

In the chapter on " Tubes " will be found a description of 
several special forms of focus tubes designed for use with the 
Wehnelt break. As these are very expensive, they constitute 
a further drawback to its use. In fact this break, although 
undoubtedly capable of very good work, especially with the 
fluorescent screen, is very little used for X ray work, and 
most experimenters, after using it for a while, discard it for one 
of the older forms. 

The Commutator or. Current Reverser. — Every good coil 
is supplied with this little attachment, which enables the 
operator to send the current in either direction through the 
primary, or to stop the current at wilL An end view is shown 
in Fig. 28 (I.) and a longitudinal section in Fig. 28 (11.). A 
cylinder. A, of some non-conducting material — usually ebonite 
— has two strips of copper, D D, fixed longitudinally on its 
surface. This is supported horizontally between two metallic 
uprights, + B - B, which are connected with the two terminals 
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of the battery. Each of these uprights has a metallic connec- 
tion, the details of which are shown in II., with one of the 
copper strips. The ends of the primary coil are connected 
with springs, + C - C, which press against the sides of the 
cylinder. As one of the strips is now in direct connection with 
the positive pole and the other with the negative pole of the 
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Fig. 28, I. and II. — Current Reverser. 



battery, when the handle is in the position shown in the figure 
+ C is in connection with + B. By turning the cylinder. A, 
through half a revolution, + B is brought into contact with 
- C, and the current through the primary thus reversed. 
When it is rotated through a quarter of a revolution from the 
position in the figure, the springs do not touch the strips, so 
that the current is completely stopped. 
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Terminals on a Coil. — Most large coils are made with 
terminals, or binding screws, so arranged that an outside break 
may be used if necessary. In the Apps' or Apps-Newton coils 
the arrangement is shown in the diagram. Fig. 29. Nos. 1 
and 2, which are usually marked P and N, are for comiection 
with the battery under ordinary circumstances when working^ 
with the automatic break. Nos. 3 and 5 are the terminals of 
the condenser, and are connected in ordinary work by short 
wires with 4 and 6 respectively. Nos. 4 and 6 are terminals of 
the primary without the contact breaker, but including the 



n I0 02 



30 04- 
50 06 
70 08 



Fig. iJ9. — Connections used in an Apps' Coil. 

commutator. Nos. 7 and 8 are connected directly with the 
primary coil, and have no connection with commutator, break 
or condenser. By removing the connections between 2 and 4, 
and 3 and 6, the condenser is put out of action. 

To use a mercury or other external break, the connections 
just mentioned are removed, and the wires carrying the inter- 
rupted ciurent from the break are threaded one through 4 and 
3 and the other through 6 and 5. The commutator will still 
be in action, but not the mechanical break. 

Nos. 7 and 8 are used when the coil is employed as an ozon- 
iser. A powerful alternating current may be sent through the 
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primary from these terminals. The only fear of damage to the 
coil from this heavy current is that it may overheat the 
primary. To guard against this the Apps' coils have an open- 
ing at one end leading into the core of the primary coil. When 
using it as an ozoniser, a thermometer may be fixed in this 
opening. 



CHAPTER IV. 

ELECTRO-STATIC MACHINES. 

Ax electro-static machine is not only a source of power, but 
since the discharge which it produces is one of very great 
potential difference, it may be considered as equivalent to a 
source of power and transformer in one. By its use we dis- 
pense with both coil and battery. Hence, instead of describing 
it in the section dealing with sources of pow^r, it has been 
thought better to explain its action in a separate chapter. 

All the earlier machines produced statical charges by means 
of friction, but the ones iLsed for production of X rays are 
the more modem instruments which work by induction. Mr. 
Wimshurst's machine and its modifications act in this manner, 
producing large statical charges of such high voltage that they 
give results exactly similar to those of an induction coil. In 
fact, by overcoming the resistance of the air or the vacuum of 
a Crookes' tube, they become highly dynamic. 

Wimshurst's Machine. — The simplest form of this machine 
is shown in Fig. 30. It consists of two circular plates of glass 
close together, mounted so that they may be rotated in opposite 
directions. In the figure only one of these can be seen, as it 
hides the other one completely, or nearly so. Fixed in a ring 
to the outer sides of the glass plates are a series of metallic strips 
which act as travelling conductors, whilst the glass plates 
which separate one series from the other act as dielectrics. 
Here again the figure only shows one set, the other set beings 
on the distant side of the hidden plate. 



ELECTRO-STATIC MACHINES. 



83 



The brass rod, which is shown as running across the face of 
the glass disc from the top left-hand to the bottom right-hand 
part, carries at each end a wire brush which makes contact 
vnth the face of each travelling conductor as it passes. 

A similar rod is shown by dotted lines on the far side of the 
hidden plate, but running across at right angles to the first rod. 

This completes the generating part of the machine, the 
remaining parts being apparatus for collecting the successive 
small charges which are induced in the conducting strips. 




Fig. 30. — Simple Form of Wimshurst Machine. 



When the machine is set in motion, the plate seen in the 
figure will travel in the direction of the hands of a watch. 
Consider the topmost strip, which we shall suppose to possess 
a small positive ''initial charge ". After moving round to the 
right through an eighth of a revolution, it arrives opposite a 
strip in contact with the brass rod marked by a dotted line in 
the figure. This strip, being on the back plate and travelling 
in the opposite direction, is, of course, only in this position 
momentarily, but during that moment it has been subject to 
induction, and at the same time connected with another strip 
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diametrically opposite to it It therefore travels on with a 
negative charge, whilst that with which it has been momentarily 
connected moves on with a positive charge. 

Continuing round to the right, the positive strip arrives 
opposite the prime conductor, to which it gives up its charge. 
It passes through another eighth of a revolution chargeless, and 
then coming into contact with the " earthing " brush, and at the 
same time finding itself opposite a positively charged strip on 
the other plate, it receives a negative charge. This charge it 
carries round to the other prime conductor, but on its way 
performs its inductive work, producing a positive charge on a 
strip on the other plate. 

Thus the strips on each plate bear a constant stream of 
negative charges to the left-hand conductor, and a correspond- 
ing stream of positive charges to the other, producing a high 
difference of potential between the two discharge nobs, shown 
at the front of the apparatus. This difference is manifested by 
a stream of sparks between the nobs. 

Initial Ciiarge. — The foregoing description hypothesises^ an 
initial charge on one or more of the strips. After the machine 
has been once used and then left at rest, the strips on one part 
of a plate will be left at a very different potential from those 
on another part. A current will leak across through moist 
air or over the surface of a damp plate, gradually reducing 
this difference, but since this leakage will become more and 
more sluggish as the difference lessens, it will eventually 
almost cease, and some little difference will be left. 

The smallness of the charge scarcely matters, as induction 
machines of this class work at what has been called compound 
interest. During the first few revolutions the potential diflfer- 
ence rapidly increases until the full efficiency is reached, so 
that a very small initial charge only means that the machine 
will take a rather longer time before giving its full power. 
Hence the Wimshurst machine is said to be " self-exciting ". 
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Leakage. — The leaking of the charges across the plates, 
which has just been referred to, is always taking place whilst 
the machine is working. Glass is very hygroscopic, and there- 
fore is apt to form a conducting surface of moisture. Ebonite 
plates have therefore been used. This substitution should 
make the whole apparatus much less fragile, and more port- 
able. Unfortunately, ebonite plates have a habit of warp- 
ing. A better method is to cover the glass with a waterproof 
varnish, which is less apt to condense moisture. As a further 
precaution, larger machines are usually enclosed in glass cases, 
the interiors of which are kept dry by means of some desiccat- 
ing substance, such as calcium chloride or lime. 

Another source of leakage to which these machines are 
peculiarly liable is to be found in any roughness or points on 
the prime conductors. A machine, which readily gives sparks 
several inches long from nob to nob, may be rendered com- 
paratively useless by wrapping a few turns of fine wire round 
one of the conductors and leaving the ends exposed. 

Multiple Machines. — The electrical effect obtained from 
such a machine as has just been described is an enormously 
high difference of potential between the discharge nobs, but 
the current which passes in the spark is very small. This 
defect is overcome by connecting a set of machines in parallel, 
so that, although that they do not increase the potential dif- 
ference, they greatly increase the quantity of the discharge. 
When several pairs of plates are arranged in parallel, they form 
a multiple machine, a machine with four pairs of plates, each 
having a diameter of 18 ins., costs about £20, and gives a 
7-in. spark. This will excite an X ray tube suflBciently to 
give good screen effects. Unfortunately, it is both heavy and 
fragile, so that it cannot be considered portable. Still, for 
stationary work it is excellent, being clean and always ready 
for starting. 

The Holtz Machine. — This is a machine which resembles 
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the Wimshurst in that it depends for its action on electro-static 
induction, but is very different in its constructional details. 

The simple form of the machine is shown diagrammatically 
in Fig. 31, in which the same letters are used for corresponding 
parts. One of its plates is stationary whilst the other revolves. 
A, the revolving plate, is a plain disc of glass ; B, the stationary 
plate, is a square or circular piece of glass in which two holes, 
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III. 
Fig. 31. — Holtz Machine. 



c and dj are cut close to these holes, and on the side of the 
plate remote from the revolving disc are fixed two paper 
armatures, e and /. These strips of paper have projecting 
tongues which point through the holes or windows and reach 
very nearly to the movable disc. The tongues point in the 
opposite direction from that in which the plate A movesi On 
the other side of the moving plate (see Fig. 31, iii.) are arranged 
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two brass collectors g and h (rods of brass with sharp pro- 
jecting pins pointing towards the glass). Each of these 
points directly towards one of the armatures. 

Connection is made between the two collectors or combs by 
the brass rods I and m, and the sliding dischargers n, o. 

To work such a machine the two dischargers n and o 
must be brought together so that the nobs at their ends are in 
contact, a small charge must be given to one of the armatures 
a or 6 by means of an electrophorus, and the plate A must be 
turned quickly. After a few timis the discharge rods may be 
separated, when a torrent of bright sparks will flash across 
between the nobs. 

To understand the working of the machine, we must re- 
member that a charge may reside on the surface of a plate of 
glass. Supposing that the armature a has a positive charge, 
this acting across the glass plates will attract a negative charge 
to the points of the comb g, and repel a positive charge to the 
points on the comb h. 

Negatively electrified air will stream off the points of the 
comb g on to the glass. It will be carried round until it comes 
opposite to h where it will be neutralised by the positive 
charge flowing from h, at the same time inducing a further 
positive charge in h, and a stronger negative charge at g. 

As the plate continues revolving, the positively electrified 
wind from h will give a positive charge to the lower half of 
the surface of the plate. 

Further, the larger positive charge of h will induce a 
negative charge in the armature /, repelling a positive charge 
to its farthest point, viz., the tongue. A positive electric wind 
will therefore play on the back of the rotating plate from the 
tip of the tongue, thus causing both sides of the lower half of 
the plate to be electrified positively, and both sides of the 
upper half to be electrified negatively. 

After working for a few tui'ns, the nobs n and o may be 
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separated, and the difference of potential between h and </ 
will be suflBcient to maintain a discharge between them. 

The chief practical difference between the Holtz and the 
Wimshurst machines is that the Holtz is not self -exciting, so 
that it is necessary to start it by applying an electrophorus to 
one of the armatures. 

In America the Holtz machine is much used for X ray 
work, and very large multiple machines are manufactured, 
having six or eight pairs of plates, with the movable plates all 
on one axle. Such a machine is at work in London at St. 
Bartholomew's Hospital. It is rim by an electro-motor. Its 
collectors are connected to two circuits, one of which leads to 
the focus tube, and the other to the discharge rods, so that the 
machine may be started, i.e., the rods may be brought together 
without disturbing the tube. 

Practical Work with Influence Machines. — It will be con- 
venient here to mention the principal differences between X 
ray work with statical machines and that carried out in the 
ordinary way with induction coils. The liability to leakage 
especially from points has already been mentioned. This 
necessitates special connections. 

The discharge rods of an influence machine always ter- 
minate in well-rounded and polished nobs. Instead of con- 
necting the wires to these nobs with binding screws, special 
plugs may be fitted to the wires and run into holes in some 
part of the conductor, or else the wires are permanently con- 
nected so as to leave no loose ends of wire. Mr. Wimshurst 
uses a special holder for the tube in which the connection 
between the wire and the outside terminal of the tube is 
closely surrounded by an india-rubber cap. 

More usually one end of the tube is connected with the 
machine in this way, whilst the other end is free. The free 
terminal of the machine is connected with a polished brass 
nob, which is brought up close to the terminal of the tube, but 
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not allowed to touch it, thus interposing a spark gap. It is 
found that by this method of excitement very considerable 
control may be exerted over the quality of the rays proceeding 
from the tube. Lengthening the spark gap naturally increases 
the resistance of the circuit, and this acts as though the internal 
resistance of the tube were increased ; that is to say, the tube 
becomes temporarily harder (see p. 93). In the same way, 
shortening the spark gap gives rays, of smaller penetration, or 
softens the tube. This phenomenon has not been observed 
with the current from an induction coil. . 

In taking radiograms, Dr. Lewis Jones states that longer / 
exposures are required with a statical machine than with 
induction coils, giving the same length of spark. 

Varying the Current from an Influence Machine. — Mr. * 
Wimshurst finds that the current given by his machines varies 
approximately with the number of revolutions per minute. 
The reason for this is somewhat peculiar, and has been fully 
investigated for the Holtz machine, which follows much the 
same law. In S. P. Thompson's Elementary Lessons in Elec- 
tricity ^ section 53, occurs the following paragraph : — 

" Righi showed that a Holtz machine can yield a continuous 
current like a voltaic battery, the strength of the current being 
nearly proportional to the velocity of rotation. It was found 
that the electro-motive force of a machine was equal to that of 
52,000 Danieirs cells, or nearly 53,000 volts, at all speeds. 
The resistance, when the machine made 120 revolutions per 
minute, was 2810 million ohms, but only 646 million ohms 
when making 450 revolutions per minute. 



CHAPTER V. 

TUBES. 

In the historical portion of this book a short summary 
has been given of Crookes* work on radiant matter, which 
led up to Roentgen's discovery. 

The first type of tube to be used for the production of 
X rays was that shown in Fig. 3. The terminal, which is con- 
nected with the negative end of the secondary coil, technically 
known as the cathode, consisted of a disc of aluminium, whilst 
a positive disc or anode of the same metal was placed to one 
side. When such a tube was excited, the stream of molecules 
moved along the tube normally to the disc, and kept up a 
bombardment on the end of the tube. This generated X rays 
at the surface of the glass. 

To obtain a very clear and well-defined shadow, whether 
by light or any other form of radiation, the first necessity is 
that the source of illumination shall be as small as possible. 
It is impossible to get a clean-cut shadow when the source of 
radiation is as large as the end of a Crookes' tube. Hence the 
earlier X ray photographs lack definition. The area of glass 
from which the X rays are generated may be reduced and the 
definition improved by using a concave cathode, which sends 
out a converging stream. This, however, soon melts the glass. 
Nowadays some form of focus tube is always used. 

The Focus Tube. — Mr. Herbert Jackson used a concave 
cathode, but instead of allowing the converging stream of 
molecules to impinge on the glass, he brought it to a focus 



TUBES. 91 

on a platinum anode, which was inclined at an angle of 45"" 
Mrith the axis of the molecular stream. This anode, or rather 
^ small spot on its surface, becomes the centre from which X 
rays are emitted. The glass is blown out as thin as possible, 
having due regard to strength, and if it be well and evenly 
made, it gives as good results as any form of tube yet invented. 

In selecting a focus tube for practical work, two points 
must be insisted on : Firstly, that the cathode stream focuses 
accurately on the platinum anode, and thus generates X rays 
onlj^ from a small circular spot ; secondly, that the vacuum is 
correctly adjusted to suit the coil and kind of work to be 
done. 

Accurate Focus. — On page 6 a description has been given 
of the different effects which are produced by an electrical 
discharge through a vessel from which the air is being gradu- 
ally removed. Whilst pumping the air from a focus tube, an 
electrical discharge would undergo exactly the same changes, 
until it arrived at the state where fluorescence begins in the 
glass. This is easily noticed because of the entirely different 
colour of the green fluorescence from the purplish glow of the 
air within. 

If the tube has been accurately made, the anode will be 
placed considerably beyond the centre of curvature of the 
aluminium cathode. Soon after fluorescence starts in the glass, 
the track of the cathode stream can be seen marked out as a 
pale violet glow within the tube. It will be seen to converge 
to the centre of curvature, then spread out again so as to 
bombard the whole of the platinum anode. On exhausting 
further the shape of the stream changes, the convergent cone 
lengthening out, as though the highly electrified particles had 
a repelling action on one another, and were therefore slower 
in coming to a focus. At a still higher state of exhaustion 
the cone elongates still more, and instead of the stream diverg- 
ing after coming to a focus, it simply moves onward in a very 
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fine thread, which strikes the anode, or anticathode, as it is 
sometimes called, only on one small spot. As the exhaustion 
has proceeded, and as this blue cone has become more and more 
elongated, it has become fainter until, a little later, it is quite 
invisible. 

An accurate focal ising of the cathode stream on the anode, 
which starts all the X rays from a single well-rounded spot, 
is the condition which determines well-defined shadows, and 
enables us to take sharp radiograms, with many structural 
details of the bones.^ 

A rough and ready method of testing a tube, which, how- 
ever, can only be used where the anode is of light structure, 
is to set the tube working until the anode just begins to 




Fig. 32. — Pin-hole Camera. 



glow. If a very tiny, well-rounded red-hot spot forms on the 
platinum, the tube will probably give good definition. If a 
large spot of irregular shape, or several spots at once grow 
red-hot, the tube should be rejected. 

But since tubes are a heavy item in the expenditure of the 
X ray worker, it is as well to have some accurate means of 
testing the size and shape of the point of emission. 

An ingenious little instrument has been devised by Mr. 
Campbell Swinton for either photographing or making a fluor- 
escent image of this radiant spot. It is shown in Fig. 32. A 

* Of course there are other conditions which must be fulfilled if we wish 
to obtain a sharp radiogram. These are explained in a later chapter. The 
statement here given simply relates to the condition which must be fulfilled 
by the focus tube. 
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leaden tube is so shaped that at one end, the right-hand side 
of the figure, it is pierced only by a pin-hole. Some little 
distance behind this hole is placed a fluorescent screen, whose 
prepared surface faces the open end of the tube. The well- 
known optical phenomenon of a pin-hole image is formed on 
the screen, and may be perceived by looking in at the open end. 
This image will be a representation of the source of radiation, 
and should be round, small and sharply defined 

The Vacuum and Its Influence. — Lenard noticed that the 

cathode rays which he had discovered outside the tube, were 

aflfected by a magnet, though not to the same extent as the 

cathode rays within the tube. The X rays, so far as we know, 

are iminfluenced by a magnet, thus being somewhat sharpl}^ 

distinguished from Lenard's rays. But the X rays themselves 

are by no means homogeneous, at any rate if judged by their 

eflfects. Those emitted by a tube only exhausted to the point 

when it begins to give out rays, have very little penetrating 

power. If such a tube be used in making a screen examination 

of a hand, probably the bones will not be seen, but merely a 

black shadow of the hand. A very highly exhausted tube will 

give out rays of such great penetration that they will pass 

through the bone with almost the same facility as through 

flesh, giving a very " flat " picture on the screen, in which the 

bones are scarcely distinguishable from the flesh. 

Between these two extremes we can obtain tubes of all 
gradations. The lightly exhausted tubes are known as low or 
soft tube^. whilst those of great penetrating power are known 
as high or hard. 

Generally speaking, the hardness of a tube may be gauged 
by its electrical resistance, or the length of spark required to 
excite it, a low tube requiring a shorter spark than a high 
one. But there are other conditions besides the vacuum which 
influence the resistance, such as the distance between cathode 
and anti-cathode; hence the simplest way to test a tube for 
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hardness is by the use of a screen. A selection of tubes should 
always be kept by the radiographer. The question of the kind 
which should be chosen for any special work is discussed in 
Chapter III., Part III. 

Alteration of Vacuum in a Tube.— After using a focus 
tube for a nmnber of operations, more and more difficultj'^ is 
found in passing the ciurent through it, and at the same time 
the rays emitted alter in character, gaining in penetrative 
power to such an extent that a hand throws but a faint image 
on a fluorescent screen, and bones become scarcely distinguish- 
able from flesh ; in fact, the tube has become hard. 

Amongst Crookes* earlier experiments was one showing 
the difference in the behaviour of different metals when used 
as the cathode in a radiant-matter tube. , Gold and platinum 
cathodes gradually volatilised in some way, particles of the 
metal being torn off and travelling with the molecular stream 
of air. In this way a film of metal was deposited on the glfiss 
of the tube. On the other hand, aluminium apparently under- 
goes no such alteration. Hence, the cathodes of focus tubes 
are always made of this last-named metal. 

If a focus tube which has been used many times be ex- 
amined, it will generally be found that the glass has a bluish 
tint wherever the tube fluoresces when in use. This is due 
to particles of platinum torn from the anode and deposited 
on the glass. But since finely divided platinum is known, to 
occlude or absorb the gases of air, it is to be expected that 
the presence of this fine deposit on the glass will tend to 
increase the vacuum. At the same time the platinised glass 
will be more opaque to the X rays.^ 

The designers of X ray tubes all take the Jackson focus 

^ Although the explanation given above is the one usually accepted, there 
are various objections to it. Mr. Ernest Payne recently noticed that one of 
the glass supports, which he has been in the habit of using as a holder for his 
tubes (see page 127), became discoloured in exactly the same way as an old 
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tube as their type, but add variations with the object either 
of lessening this alteration of vacuum or of remedying it. 

To render the vacuum more permanent and less liable to 
alteration, various methods have been used. The most obvious 
is to increase the size of the tube so that the removal of 
small quantities of air will not appreciably alter the pressure. 
Another method is to add a subsidiary anode, which enables 
the tube to take a larger current without injury. 

Such a tube is shown in Fig. 33. The glass is blown into 
a mould, and is thicker than that of the original Jackson 
tube. This is, however, a very slight drawback. A well- 




Fig. 33. — Focus Tube (Bianodic). 

made tube of this type is very strong, and will last a long 
time. Wherever X ray apparatus is in constant use, as in the 
London hospitals, these tubes are the ones most generally em- 
ployed. Their average life is somewhere about three months. 
Many radiographers consider that the life of a tube is consider- 
ably lengthened by using it for some time on a comparatively 
weak coil (6-in. spark), and only using a 10 or 12-in. spark 
when the tube has got too hard for the shorter one. On the 
other hand. Dr. Lewis Jones states, that in his experience, 
tubes harden much more slowly when used with a powerful 



tube. It is hardly conceivable that the particles of platinum can have penetrated 
the tube and reached the piece of glass some inches outside. No adequate 
explanation of this phenomenon has, as yet, been given. 
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coil than with a weak one. However this may be, the 
ordinary bianodic tube will be found to keep its vacuum 
longer than a similar tube with a single anode. 

A modem tube, whose vacuum is very permanent, is the 
Volt-ohm double-bulb tube, shown in Fig. 34. During exhaus- 
tion the larger bulb has been heated, but not the smaller 
one. This makes a peculiar difference. 

Single bulb tubes are always heated, because the inner 
surface of the glass has a condensing action on the air, pre- 
venting its thorough removal by the pump. The application 
of heat overcomes this condensation. In the double-bulb tube 
the subsidiary bulb, besides giving an increased volume to the 
whole tube, acts, to a certain extent, as a reservoir. 



Fig. 34.— Double bulb Focus Tube (Bianodic). 

A further advantage of tubes with double anodes is that 
their vacuum can, to some extent, be regenerated by reversing 
the current. If the current be reversed through a Jackson 
tube, the diagonal platinum plate becomes a cathode, and the 
conditions are reproduced of Crookes* volatilisation experi- 
ment mentioned above. Platinum is rapidly volatilised, and 
the tube is soon spoiled. 

To regenerate a tube whose vacuum has become too high, 
the two anodes are disconnected, and the aluininium anode 
connected with the negative end of the induction coil, whilst 
the cup-shaped cathode is now connected with the positiv^e 
end. After passing the spark for some time in this way, the 
resistance of a tube is considerably lowered. 
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The Action of Heat on Tubes. — The earliest workers with 
focus tubes found that the rays emitted from a tube varied in 
quality according to its temperature; but the diflSculties in 
the way of making accurate measurements of what goes on 
either inside or outside a tube under varjring conditions are so 
great that hitherto very little quantitative work has been done 
in this direction. 

Mr. T. C. Porter, of Eton, has carried out experiments on 
the effects of heat and cold, and found that the tube which he 
was using refused to work when cooled down by solid carbon 
dioxide. On allowing it to slowly warm, and examining a 
hand by means of the rays emitted, he obtained a maximum 
illumination of the screen at 12° C. (54° F.). At higher tem- 
peratures the illumination fell off, and the bones became less 
distinct 

To show that the radiation at higher temperatures changed 
in quality rather than quantity, he made two photographs on 
the one plate, exposing half the plate with a hand over it for 
one minute, keeping the tube at 15° C. (59° F.). The other 
half was exposed in the same way for six and a half minutes, 
after being heated for three-quarters of a minute with a good 
spirit lamp, and taking precaution that the tube should not 
cool diuing exposure. On developing the plate, it was found 
that " whilst the far denser background of the last exposed 
half of the plate showed that it had received by far the greater 
amount of radiant energy from the heated tube during its six 
and a half minutes' exposure, only the very faintest traces of 
the bone shadow could be made out in the very bold shadow 
of the fingers, whilst on the other half, which had received 
but one minute's exposure to the cold tube, images of the 
bones are very clearly visible ". 

Thus, as was to be expected, changes in temperature cause 
much the same alteration as changes in the internal pressure. 
A hot tube will always be softer than the same tube when cold. 
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In practical radiography, where a photograph with good 
contrasts is required, a very hard tube is useless, excepting in 
very skilful hands, and the question arises whether the best 
eflfects can be produced by using a tube which is soft at the 
ordinary temperature of the air, or to use one which is kept 
soft by heating. This subject was discussed by Mr. Wilson 
Noble in a paper read before the Roentgen Society in March, 
1898. He considers that ** a tube cannot be too highly 
exhausted" if one has the necessary power for working it. 
Further, he states that, ** if you have two tubes working with 
a spark gap of say three inches, one of which has been warmed 
down to this resistance while the other works at it normally, . 
you will get a far better result with the former tube than 
with the latter, though the vacuum and resistance in each 
may, I presume, be considered the same '\ He accounts for 
this increase of radiation by considering that the heat energy 
increases the ** activity of the molecules". 

These facts with regard to the properties of focus tubes 
are set forth here to help an X ray worker in his selection of 
tubes. 

For the radiographer who possesses a costly and powerful 
installation, and who has at his command a large stock of 
tubes, very brilliant results may be accomplished with hard 
tubes. But for a general medical practitioner, or other person 
who is not using the apparatus constantly, and who neither 
cares to face the large outlay of money, nor is able at anj^ 
moment to replenish his stock of tubes, it will be best to 
purchase soft tubes, that is to say, tubes which are easily 
excited by the coil in his possession. Tubes exhausted for a 
4-in. or 6-in. spark will be found the most useful If heavy 
work be contemplated, such as the exploration of the thicker 
parts of the body, at least one tube will be required exhausted 
for an 8- or 10-in. spark. 

As a rule, however, the tubes will be found to harden 
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quickly enough, so that any worker in a small way will 
generally replenish his stock with soft tubes. 

Other Circumstances Affecting Resistance. — Although the 
penetrative character of the rays from a focus tube seems to 
depend greatly on the state of the vacuum, it would perhaps 
be more correct to say that it depends on the resistance of the 
tube. A high-resistance tube may be hard even with a some- 
what low vacuum. The chief circumstances affecting resis- 
tance have been investigated by many workers. Crookes 
found that a tube with a highly fluorescent lining had a lower 
resistance than one which was lined with a non-fluorescent 
substance. Hence it is to be expected that a tube which has 
become black with volatilised platinum, which is less fluorescent 
than the glass, will have a higher resistance than it had when 
new, and this quite apart from any alteration in the vacuum 
due to the occlusion of air. But this hardly affects new tubes. 
The chief factors, with the exception of the vacuum, which 
iletermine the resistance of the tube, are the size of the cathode 
and the distance at which it is placed from the anticathode. 
The first of these factors has been investigated by Mr. A. A. 
Campbell Swintoa To compare the action of various cathodes 
under exactly similar circumstances, he made a tube with four 
different sized cathodes, any one of which could be used at 
will. All were made of one radius of curvature (f in.), but 
their diameters were respectively J ia, f in., 1 in. and 1^ in. 
With this tube he found that the small cathode caused a high 
resistance, and gave X rays of the penetrative order, whilst 
the largest one gave a low resistance and a soft tube. 

From many experiments in which he used cathodes vary- 
ing in diameter from 2 J ins. down to ^ in., Mr. Swinton came 
to the following conclusion: — 

" With the full power of a 10-in. induction coil with mercury 
break, there is no advantage in making the cathodes more than 
11 25 in. diameter. For use with a 10-in. coil, they should not 
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be smaller than 0*375 in. diameter, as, if less than that, they 
are apt to become overheated, and their surface and form de- 
stroyed. For use with 6-in. and smaller coils, very small 
cathodes, even down to 0*125 in. diameter, will work very well, 
and will not require such high exhaustion as larger ones. 
Small cathodes should, in proportion, have a less focal length 
than large ones for the best results. Probably a good average 
size for ordinary work is about 1*125 in. diameter, with 0*75 in. 
radius of curvature. It is important for the best work that 
the surface should be well polished, and of quite even curvature." ^ 
The second factor controlling the resistance of a tube, 
namely, the distance between anode and cathode, is very re- 




Fig. 36. — Hittorf's Experiment. 

niarkable. Within certain limits, the current passes more 
easily when the two are wide apart than when close together. 
This was pointed out in 1884 by Hittorf, who demonstrated it 
by means of the tube shown in Fig. 35. When this is highly 
exhausted, and a discharge passed through the electrodes, which, 
it will be noticed, are very close together, the direction taken 
by the discharge is not straight across, but the longer track 
through the spiral tubes, showing thus that the longest way 
roimd is the path of least resistance. 

In the description of the effects of different vacua on the dis- 
charge given on page 8, attention was called to the dark space 

^ Archives of tJie Roentgen Ray^ ii., 45. 
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T/vhich, at a certain stage of exhaustion, immediately surrounded 
the cathode. This space has been shown to have an exceed- 
ingly high resistance, so that a discharge can scarcely be forced 
from the cathode to a positive terminal placed within the space, 
whilst the current passes with comparative ease when the 
anode is removed to a greater distance. 

This knowledge has been made use of in the construction 
of two different tubes, viz,, the Penetrator and Mr. Swinton's 
adjustable tube. 

The Penetrator Tube. — This, according to Mr. Lewis Wright, 
was originally of German manufacture, but is now made in 
England by Messrs. Newton & Co. It is shown in Fig. 36. 




Fig. 36. — Focus Tube : Penetrator Type. 

The platinum reflector is not the anode, although it can be 
used as such, the positive terminal of the coil being connected 
to a ring-shaped aluminium anode, which is much closer to the 
cathode than the reflector. This increases the resistance and 
penetrating power of a tube which is of comparatively low 
vacuum, whilst at the same time keeping the reflector sufli- 
ciently far from the cathode to allow the molecular stream 
to focus in a fine point on its surface. 

Adjustable Tubes. — Mr. Swinton designed tubes with ad- 
justable anodes, but as these had the disadvantage of altering 
the position of the actual source of X rays within the tube, he 
abandoned their use, and designed one with an adjustable 
cathode. It is thus described by its designer : The tube " de- 
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pends for its action upon the fact that the resistance of the 
tube and the penetrative value of the X rays that it generates 
can be greatly varied by altering the radius of the annular 
space between the edge of the cathode and the glass of the con- 
taining bulb. In this tube the anticathode is fixed, but the 
cathode is mounted upon a steel rod, held in guides, so that by 
gently tapping the tube the cathode can be moved to a small 
extent — say about one half of an inch — in and out of an annex 
blown on one side of the glass bulb. The shape of the walls 
of the annex are such that when the cathode is at one end of its 
travel, and as far as it can get from the anticathode, the edge 
of the cathode is very near the glass all round, while, as the 
cathode is moved nearer to the anticathode, the annular space 
between the cathode edge and the glass becomes larger and 
larger, until at the other end of the travel the cathode 
emerges from the annex into the bulb itself. With a tube of 
this construction, the greater or less proximity of the glass to 
the cathode is found to have a much larger effect in increasing 
or decreasing the resistance of the tube and the penetrative 
value of the X rays than the contrary result that would be 
occasioned by the alteration in the distance between cathode ami 
anticathode. A travel of one half of an inch is sufficient to 
alter the X rays from the highest to the lowest penetrative 
value, and between the limits of travel any desired degree of 
penetrative value is immediately obtained." 

Tubes in which the Vacuum may be Altered. — Mention 
has already been made of the fact that the vacuum of a 
tube which has gone hard by constant use may be lowered 
by reversing the current ; and a tube has been described (page 
95) in which a special aluminium anode enables this to be 
done without undue blackening. Other tubes have been 
designed from time to time for effecting this lowering of 
vacuum in various ways. 

Crookes used a tube to demonstrate the effects of varying 
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vacua, in which he obtained slight variations by heating a 
piece of caustic potash. This gives oif a minute trace of 
water vapour, thus lowering the vacuum. On cooling, the 
vapour is slowly reabsorbed. 

To use this in a focus tube a small annex containing the 
potash is sealed to the tube so that the tube and annex com- 
municate by a small aperture. When the tube has hardened, 
a slight application of heat will soften it again. This arrange- 
ment is, however, very difficult to manage, as the changes 
caused by the potash are too great for practical purposes. 

Another method is to fill the tube with hydrogen gas before 
exhaustion, and place a piece of metallic palladium in the 
annex. The application of warmth to the palladium liberates 
occluded hydrogen and lowers the vacuum of the tube. This 
has the same defects as the last. 

Messrs. Watson & Co. have designed a complicated form of 
focus tube in which the annex is arranged so as to form a 
parallel electrical circuit with the main tube, excepting for an 
adjusted spark gap. When the resistance of the tube is too 
high, the current, instead of passing through it, leaps across 
the spark gap, and heats the substance within the side tube, 
thus giving off vapour until the vacuum in the focus tube has 
fallen to the desired extent ; after this the current resumes its 
natural course, and an occasional spark, which passes auto- 
matically, keeps the tube in a constant condition. 

Such complex tubes are, however, best left alone, at any 
rate by the beginner in X ray work. Many of the ablest 
experts turn out their best work with the simpler forms of 
tube, which may be controlled for all practical purposes by 
judicious heating. 

Tubes for very High Pressure. — When the Wehnelt elec- 
trolytic break was first introduced and used with comparatively 
large currents, many workers found that the increased power 
of their coils had a very destructive action on tubes. The anode 
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of a low-resistance tube becomes white hot very rapidly when 
worked with a powerful coil : and if the anode be thin and 
the rays very accurately focalised, a hole will soon be melted 
through, the platinum, thus completely destroying it. In other 
cases the cathode stream bends the anode and impairs its power 
of giving a sharp image on the screen. A high-resistance 
tube is not so readily destroyed, but will not long resist the 
discharge from a large coil with a Wehnelt interrupter. 

To overcome this diflSculty, and to take full advantage of 
great penetration obtained with high tension currents, two 
methods have been adopted. One is to conduct the heat away 
from the anode as rapidly as possible, and the other to make 
the anode of some substance having so high a melting-point 
as to be practically infusible. 

Cold Anticathodes. — Two types of tube are in use which 
keep cool during excitement. The first has its anticathode 
made of a large mass of metal (copper faced with platinum), 
so that the heat may be rapidly conducted from the platinum 
face and radiated from the large surface of metal. The second 
has a hollow platinum anode, which can be filled with water. 
When in use the evaporation of the water keeps the tube 
cool. 

Metals with High Melting-points. — The following table 
gives, side by side, the melting-point in degrees Centigrade, 
and the atomic weights of various metals. The power which 
a metal has of utilising the energy of the cathode stream for 
the effective production of X rays appears to be a function of 
the atomic weight, those with a high atomic weight working 
most efficiently. Hence, in selecting a metal, both the factors 
given in the table must be taken into consideration. 
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Metal. 

Osmium - 
Ruthenium - 
Iridium - 
Uranium 
Thorium - 

Platinum 
Palladium 
Gold 


Melting-point. 


Atomic Weight. 


never fused 

a little higher than iridium - - . 

2,600 (Pictet) 

bright red heat 

not determined (burns at high tempera- 
ture) 

2,000 (DevUle) ; 1,600 (Violle) - 

1,700 (Pictet) ; i;500 (Violle) 

between 1,030 and 1,381— 

1,046 (Violle) ; 1,240 (Riesendyck) - 


190-3 

101-4 

192-6 

240 

232 

197 

106-3 

196 



Osmiura has a very high atomic weight, is the most in- 
fusible of known metals, and has a higher specific gravity than 
any other known substance. Although it has never been fused, 
it may be volatilised in the electrical furnace at a temperature 
somewhat beyond the melting-point of iridium. 

It has been used for high-class tubes, but as it is very 
difficult to obtain, it has been customary to set a small piece 
of the metal in an anticathode of platinum, solidly backed 
with aluminium. 

Such tubes are, however, hardly a commercial article on 
account of the rarity of metallic osmium. 

Iridium, with its high melting-point and atomic weight, is 
used considerably, and tubes having a piece of this metal set 
in the anticathode may be readily obtained, though their price 
is high, and varies from time to time. 

Uranium is not a commercial article, but Sir William 
Crookes has used it as an anticathode, and found it to work 
better than platinum. He also used thorium, but with what 
effect I have been unable to ascertain. 

Besides the metals mentioned in the list, chromium has 
been used on account of its high melting-point, but its low 
atomic weight (52*4) makes it very inefficient. 

The most accurate and delicate X ray work is undoubtedly 
the ophthalmic work of Dr. Mackenzie Davidson, who has ex- 
actly located small particles of steel in eyeball and orbit. This 
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was done by meann of his stereoscopic system described on 
page 1 23. In order to get the necessary clearness of definition, 
he used a tube in which the cathode stream was very accurately 
focused on an anode of iridium. 

Penetration. — The penetrative quality of the rays given off 
by a focus tube depends, as has already been stated, on the 
resistance of the tube. There is, however, another factor 
which will give considerable penetration to the rays from a 
soft tube. That is, the power used Unfortunately, we have 
at present no direct means of measuring the current passing 
through the tube, so that it is customary to register it by 
stating the number of amperes running through the primary 
coiL Thus, one occasionally sees the statement that a radio- 
gram was taken, using, say 10 volts and 4 amperes, whereas 
the actual current used was extremely small, but had an 
enormously high voltage. 

If a hand be examined with a screen, using a soft tube, 
which shows the bones as very black shadows, and the current 
be gradually increased, a considerable change will take place 
in the screen shadow. The bones will become much more 
transparent, as though the tube were getting harder. Thus, 
the penetrative power of the rays increases with the amperage 
of current used in the primary coil. 

Photographic Effect. — The penetration of the rays is most 
usually gauged by means of a fluorescent screen. This, how- 
ever, does not give us an accurate clue to the photographic 
effect. Mr. J. H. Gardiner has investigated the effects of tubes 
in different stages of exhaustion on a dry plate. He considers 
the general appearance of the tube to be the best criterion of 
its state, and describes the following five stages : — 

(1) The path of the cathode rays seen in the faint gaseous 
luminosity comes to a focus just in front of the anticathode 
or target which is uniformly red hot. There is considerable 
gaseous luminosity round about and behind the target, the 
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phosphorescence of the glass is faint, and the dark zone in the 
plane of the anticathode is just visible. The resistance at 
this stage is equal to f in. in air between pointed electrodes. 

(2) The luminous cone from the cathode has become faint 
and contracted, so that it appears almost as a straight line, 
forming when it strikes the anticathode a bright red spot on 
the otherwise dull red surface. There is more phosphorescence 
of the glass and less gas visible. The resistance has increased 
to equal 1 J ins. air gap. 

(3) The cone from the cathode is no longer visible ; there is 
a faint nebulosity in front of the anticathode ; the phosphor- 
escence of the glass is more brilliant, and the resistance has 
increased to If ins. air gap. 

(4) The faint nebulous glow that in the last stage was 
seen in front of the anticathode has crept up the front and 
over the back, finally detaching itself from the anticathode 
altogether, and forming a very faint cloud behiud it. The 
phosphorescence of the glass is at its maximum, and the 
platinum target is red hot only at its centre. The resistance 
has increased to equal 3 ins. air gap. 

(5) A sudden change has now taken place. All trace of the 
nebulous cloud due to the residual gas has gone, the target is 
no longer red hot, and the phosphorescence of the glass has 
diminished to a quarter of its maximum intensity. The 
resistance has increased to equal 4 ins. air gap. 

By a systematic series of exposures, taken with tubes in 
each of these stages, Mr. Gardiner has shown that although 
the luminosity of a screen increases throughout, the photo- 
graphic action reaches its maximum at stage (4), which it will 
be noted, corresponds with the maximum phosphorescence of 
the glass. Hence the general appearance of a tube is an 
excellent criterion of the energy with which it will attack a 
photographic dry plate. 

Red Tubes. — Any variation in the composition of the 
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glass will cause a different coloured fluorescence when the 
tube is excited. This has led to various tubes being placed on 
the market whose only peculiarity is the colour of their 
fluorescence. 

The only one of these having any advantage is the red 
tube. As stated later, when describing practical work with 
the fluorescent screen, the light given out by an excited tube 
in a dark room is often sufficient to dazzle the eyes of the 
operator, especially as its colour is so very nearly the same 
as that of the fluorescing parts of the screen. In a red light, 
the yellow coating of the screen is invisible, appearing black. 
Thus the red tubes may be used for screen work in the dark 
room without any special precautions being necessary to veil 
the fluorescent light which they give out. This is a very real 
advantage, as the small amount of red light present is sufficient 
to enable the operator to see^his apparatus without dazzling 
his eyes to anything like the same extent as an ordinary tube. 
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Plate III. — Revolver Bullet in Calf of Leg. 
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CHAPTER VI. 

AIR.PUMPS. 

An air-pump is more of a luxury than a necessity to the X ray 
worker. The judicious use of heat brings a variety of effects 
within the powers of a single tube, but the air-pump enables a 
worker to exhaust a tube to exactly suit his requirements. 

Any one who has used an X ray apparatus daily for some 
time finds that he gradually accumulates a number of tubes 
which have " hardened " until their resistance is too great for 
the coil to overcome. These tubes are practically useless unless 
they are re-exhausted. This operation costs from 6s. to 10s., 
and is not always a success. They may be, however, re- 
exhausted at home, provided that a really good air-pump is 
at hand. 

Glass-blowing. — Some knowledge of glass-blowing is 
essential for work with an air-pump. Only the most skilful 
of amateur glass-blowers could undertake the making of the 
focus tubes, but any one who is accustomed to delicate work 
with his fingers will readily acquire suflScient expertness in 
glass work to carry out the operations required in exhausting 
a tube. It would be out of place, in a volume of this size, to 
explain the process of opening and joining up tubes ; but those 
who wish to do the very highest class of X ray work, and 
who wish to exhaust their own tubes, should obtain Shentone's 
OldSS'blowingy a little book which gives all the information 
necessary. 
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Varieties of Air-pump.— There are three chief varieties of 
air-pump, (a) the old mechanical form, which is quite useless 
for obtaining high vacua ; (6) the various mercury-pumps, 
which are nearly always used ; and (c) the Geryk pump, 
which works in oil. Besides these there is a fourth variety, 
which is not intended for high vacuum work, but which is 
very useful as an auxiliary to the mercury-pumps, viz,, the 
water-exhaust-pump. 

Sprengel Pump. — Mercury-pumps work on one of two 
principles, which may be classified as the Sprengel 
and the Geissler. The Sprengel is the oldest 
form. Mercury is poured into a glass cistern at 
the top of a wooden frame, and allowed to run 
down a vertical glass tube, turn round through 
a flexible rubber tube, and ascend through a 
second vertical glass tube until it reaches to 
within 20 ins. or so of the level in the cistern. 
At the top of this second tube is the work- 
ing part of the apparatus, consisting of a sharp 
bend of the tube with an inlet above (see Fig. 
37). The inlet tube. A, is connected with the 
vessel to be exhausted. As the mercury rises 
slowly through B, it runs over the bend and 
falls down C in drops. Each of these drops 
entirely closes the tube, so that a certain quan- 
tity of air is imprisoned between the drops and 
carried away down the tube, which is 4 or 5 feet long, the 
lower end dipping into a trough of mercury. 

In the figure (37) a joint is shown at the point where the 
inlet meets the bend. The inlet tube has a ground end which 
fits accurately into a hole, whilst the joint so formed is sur- 
rounded by a cup, into which mercury or strong sulphuric 
acid is poured to render it perfectly air-tight. 

The obvious defect of the Sprengel pump in this form is 




Fig. 37.— Head 

of Sprengel 
Dropping Tube. 
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its extreme slowness. To overcome this, pumps have been 
devised with several fall tubes. 

Geissler's Pump. — ^This pump makes use of the torricel- 
lian vacuum of a specially constructed barometer tube. Fried- 
rich's variety of the Geissler pump is shown in the diagram 




Fig. 38. — Geissler's Pump. 

(Fi^. 38). The only complicated portion of the apparatus is 
the stop-cock, C. In the position shown in the figure it con- 
nects the vessel, A, with the tube leading to B, and thence to 
the outer air. If it were turned through an angle of 90°, the 
vessel, A, would be completely closed, whilst another 90° turn 
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would connect A with E, and tbence with the gauge, G, and 
through F with the vessel whidi is to be exhausted. 

To wcM-k the apparatus, it is jdaced exactly as in the figure, 
attaching the tube or other vessel to be exhausted to the open 
end of F. Mercury is poured in throu^ D until it rises to 
«uch a level that A is filled, and a small quantity runs through 
the tap. 

The tap is now turned through a right angle, D is removed 
from its stand, and slowly lowered until it can be placed in 
the lower stand. A will now be the head of a barometer tube, 
and as the tube is more than 30 ins. long, the mercury will 
fall and leave a torricellian vacuum in A. By turning the 
tap, C, so as to make communication with E and F, the air is 
allowed to run out from the X ray tube into the vessel, A. 

By repeating this cycle of operations, the air may be rapidly 
exhausted and a very high vacuum secured The defect is in 
the number of joints, all of which form possible entrances for 
air. 

Toepler's Pump. — This form of mercury air-pump is by 
far the most useful for X ray work, as it works more rapidly 
than the Sprengel, and is free from the joints of the Geissler. 
Fig. 39 shows the simplest variety of pump working on the 
Toepler principle. 

Mercury poured into the glass cistern will nm down the 
rubber tube and rise in the upright glass tube until it comes to 
the first junction B. As it rises further it will come to the next 
junction, and then rise regularly in the bulb and the two up- 
right tubes. The rise will go on until it reaches the escape tube, 
D, down which it will fall, to be caught in the little vessel 
below. When this little vessel is filled with mercury the 
cistern is lowered, and the whole upper part of the system of 
tubes, including the X ray tube, which has been sealed on the 
open end, E, will become a partial torricellian vacuum. 

When the mercury in the bulb, F, has fallen below the level 
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of the junction, B, the cistern is again slowly raisied, and the 
inflowing mercury will first form a valve at C, stopping the 
way into the X ray tube, then will rise in the bulb and eject 
what air it contains through the fall tube. By repeating the 
cycle of operations a high vacuum is eventually obtained. 

Very good work may be done with such a pump as this ijf 
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Fig. 39.— Toepler's Pump. 

care be taken to work slowly. The system of tubes is rather 
fragile, and when the vacuum is formed a sudden raising of 
the mercury is apt to break it. 

Mr. Wilson Noble, in carrying out a series of researches 
on the efl'ects of vacua, began by using an ordinary Toepler 

pump, but as its defects became more and more apparent to 

8 
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him, added improvements of various kinds until he finally used 
the rather complex apparatus described below. 

With regard to defects, he says : — 

" In the first place air was always getting in through the 
india-rubber tube used for lifting the mercury, so I added an 
air-trap ; but this was only a partial success, as the mercury 
still got fouled with the tube, and it is impossible to keep 
mercury clean as long as the tube is adhered to. I therefore 
determined to get rid of the india-rubber tube altogether. This 
I did by forcing the mercury up by means of a bicycle-pump, 
but it was diflScult to work the pump slow enough to avoid 
blowing the head of the pump off. I then tried, what ought 
fi*om the first to have been done, to allow the vacuum of the 
pump to raise the mercury and then draw it down by another 
vacuum. In this I thought I had made a valuable discovery, 
when I was fortunate enough to come across the President's ^ 
invaluable monograph on mercurial-pumps, when I found my 
new idea was as old as the hills. Another defect in the or- 
dinary model of pump is that the mercury, after leaving the 
fall tube, is exposed to the air, and thus becomes contaminated 
with dust and moisture, and has to be transferred to the lift- 
ing reservoir, where it is again exposed to the air. I have 
now confined the mercury entirely within the pump, and no 
air whatever gets to it without first passing over calcium 
chloride." ^ 

Noble's Modification. — Mr. Noble gives the following as 
the chief objects to be aimed at in designing a mercury- 
pump : — 

(a) That it should work automatically. 
(6) That it should have no rubber tubing. 
(c) That it should have no stop-cocks. 

1 Prof. Silvanus P. Thompson, F.R.S. 
* Archives of tlie Roentgen Ray, ii., p. 77. 
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(d) That air should never enter even whilst tubes were 

being fixed for exhaustioa 

(e) That the mercury should not come in contact with 

damp or dust. 
(/) That it should be of simple construction, and easily 
repaired by any one with an elementary know- 
ledge of glass-blowing. 
{g) That it should not be liable to break, and that it 
should be capable of maintaining a high vacuum 
for a prolonged period. 
The glass parts of the apparatus designed to fulfil all these 
conditions is shown Fig. 40. At first sight the plexus of tub- 
ing looks terribly complicated, but it is readily understood if 
considered as made up of three parts. 

The actual air-pump is made up of the three vessels, A, B 
and C, and their connecting tubes. The central part consists of 
gauge and barometer tube, whilst the right-hand portion, con- 
sisting of the vessels, D and E, and the tubes, A, i and k, is an 
appliance for preventing the admission of air to the pump 
when not working. 

A is the stationary vessel of the Toepler pump in which 
the torricellian vacuum is formed B is the cistern which in 
the Toepler pump is movable. 

The action of the pump is started by means of a mechanical 
pump, such as the Geryk, or better, a water-pump (Fig. 41). 
This is attached to the stop-cock, c, and the whole of the pump 
is thus exhausted to a fairly high vacuum. Mercury rises in 
the gauges and in i, but the ultimate action of the pump 
depends on the rise in A. From the bottom of B to the top of 
A is less than 30 ins., hence the mercury completely fills A and 
runs over down the fall tube into G. 

When this happens the tap at C is turned off and is not 
used again. All the other taps are now attached to the water- 
pump, and the whole apparatus works automatically. The 
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mercury runs down the fall tube until the bottom of A is 
stopped. A vacuum then begins to form by the action of the 




Fig. 40. — Modified Toepler Pump. 

water-pump in B, which draws the mercury back from A, and 
at the same time causes a little to run up a. When suflScient. 
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has passed up a, to uncover its end and let in the air, the 
mercury passes up again from B to A and over the fall tube. 
Thus the mercury rises and falls regularly without using a 
movable cistern. The pump otherwise acts exactly like the 
Toepler. 

Supposing that a focus tube be attached to the open end of 
k, no exhaustion will take place whilst the tubes, i and k, are 
choked with mercury. This is therefore drawn off into the 
vessels, D and E, by attaching the stop-cocks, d and e, to the 
water-pump until it falls below the junction. 

Finally to quote Mr. Noble's description : — 

"When it becomes necessary to open k to attach a fresh 
tube, air is let in by c, and when the mercury has risen as far 
as it will in D, c is closed and air is let in at d. Mercury 
will now stand about two-thirds up h and the barometric 
height higher in i and k. k may now be opened, when 
mercury will fall in h and rise in i, but no air will pass by 
the junction of the tubes." 

The Management of Mercury. — When an elaborate appara- 
tus is used, such as that just described, mercury has very little 
chance of becoming soiled, but with the more ordinary forms 
of mercurial air-pump, it requires considerable attention. 

Dust and dirt may be generally removed by running the 
mercury through a filter made by folding a sheet of writing- 
paper into a cone and pricking a small hole in the apex. The 
mercury will rtin through the hole, leaving most of the dirt 
on the paper. If thi^ is not sufficient it should be squeezed 
through chamois leather. 

Contact with an india-rubber tube, which it should be re- 
membered always contains large quantities of sulphur and 
sometimes various sulphides, has a fouling action by forming 
small (quantities of mercuric sulphide. It may then be purified 
by shaking up with dilute nitric acid L. Meyer's method is 
thus described by Roscoe and Schorlemmer: — 
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" The metal is allowed to flow in a very thin stream from 
a small opening in a glass funnel into a wide glass tube 1 25 
metres high and 5 centimetres in diameter, which contains a 
mixture of water with 100 cubic centimetres of nitric acid. A 
narrow tube is fastened to the bottom of this, from which the 
pure metal flows ; it has then only to be washed with water 
and dried. The above operations may have to be repeated 
several times, and the metal if pure must leave no residue 
when dissolved in pure nitric acid and evaporated to dryness 
and ignited/'^ 

The only absolutely sure way of purifying mercury is by 
distilling it. Various stills have been invented for carrying 
out this operation, but my experience is that it is most 
economical in the long run to send it to some chemical manu- 
facturer, who has the necessary apparatus and technical skilly 
and get him to distil it. 

Moisture. — Water is the great enemy of high vacua. At 
the ordinary temperature, about 60° F., it exerts a vapour 
pressure equal to 12*7 millimetres of mercury. Therefore it is 
of the highest importance that both the mercury and the tubes 
of a pump shall be perfectly dry. Precautions must also be 
taken to prevent the introduction of moist air. 

In Noble's pump each tap is protected by a tube containing 
calcium chloride, so that any air having access to the mercury 
will be quite dry. 

In moat pumps a vessel containing phosphorus pentoxide 
is placiid between the focus tube and the pump. In some cases 
very elaborate drying apparatus is used, but complications, as a 
rule, intr(jiluce more joints, and thus increase the possibility of 
leakiu^^ 

Wheti uHing desiccating substances, it must be rememberal 
that calcium chloride and other substances which absorb water in 

^ Treatise on Cliemistry^ vol. ii., part i., p. 392. 
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the form of water of crystallisation should never be intfodueed 
inside a vacuum, as they would then be apt to give off the 
water which they had absorbed. Phosphorus pentoxide com- 
bines directly with water to form phosphoric acid, which is 
perfectly stable in vacuo. 

Water-pumps. — These simple but effective little instru- 
ments are made of either glass or metal, and are largely used 
by chemists to assist filtration. A glass filter-pump is shown 
in Fig. 41. To set it in action, the upper end is attached 
by stout india-rubber tubing to a high-pressure water-tap and 
the water allowed to run through it. The high speed of the 
water will reduce the pressure inside the bulb and carry air 
away down the lower tube. The side tube is connected with 
the vessel which is to be exhausted. 

Some care is necessary in making the joint between the 
tap and the top of the pump. A very good method is to make 
the joint first with rubber tubing, bringing the tap and pump 
close together, then to wire the rubber on tightly with fine 
copper wire. Next the joint should be well wrapped up with 
strong tape, and wired again. 

The chief use of this pump is to start the exhaustion of a 
tube, or to assist such a pump as Noble's form of Toepler. 

Joining up the Tube. — To join a tube to the mouth of a 
mercury pump of course requires a slight knowledge of glass- 
blowing, and even with this knowledge it is a little puzzling 
at first sight to see how it can be accomplished. The diagram 
(Fig. 42) shows a simple method of overcoming the diflSculty. 
P is the tube leading to the pump. Instead of joining the 
side-piece of the focus tube directly to this, it is first joined to 
the side of an extra piece of tubing, J A, and drawn out fine at 
M and N. The joint is then made at J. 

Before starting the mercury-pump, A is joined to a water- 
pump or a mechanical air-pump, which removes most of the 
air in a minute or so. When the gauge shows that a good 
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vacaam has been fcHined, A is drawn otf, and the tube sealed 
at M. The m^-cnry-pnmp now comes into action, and the 
focus tabe is tested from time to time by passing the current 
through it and observing the appearance of the discharge. When 
the tabe begins to fluoresce under electrical excitement, it will 
need heating to help the pump. An Argand burner is very 
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Fia. 41. — Water-pump. 



Fig. 42. — Method of attaching 
Focus Tube to Air-pump. 



useful in the earlier stages, but later on a Bunsen burner should 
be ased, applying the flame directly to the tube, but keeping it 
constantly moving so as to avoid cracking or softening the 
glass. 

To judge of the resistance of the tube, it must be allowed 
to cool before passing the spark. 



CHAPTER VII. 

TUBE HOLDERS AND STEREOSCOPIC APPARATUS. 

Requirements. — In selecting some form of stand to hold the 
focus tube in position during an operation, the following points 
should be borne in mind : — 

The tube should be held rigidly, so that it cannot move 
during exposure. Any movement, caused either by slipping 
or the vibration of the contact breaker, will blurr the picture. 

The stand must have suflScient joints to allow of the tube 
being held in any position. Usually a radiogram is taken by 
laying the part over a properly enclosed photographic plate, 
and holding the tube over it, but for screen work it is often 
necessary to turn the tube sideways, or even to put it under a 
couch. 

There must be some arrangement for keeping the wires 
well apart during the operation, or the current may spark 
across from one wire to the other, instead of running through 
the tube. 

Stands Resting on the Floor or a Table. — The simplest 
form of stand consists of a stout upright standing on a heavy 
foot, and carrying a long movable arm, at the end of which 
is a clip. The wires are kept apart by being led through eye- 
holes at the ends of a crossbar. Such a stand is useful in a 
consulting-room, but is very awkward to carry about. 

A somewhat similar stand, constructed on a smaller scale, 
may be placed on a table when in use, and though much more 
portable, is also more limited in its usefulness. 
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Stands Attached to Portable Apparatus. — A stand which 
I have always found to work well consists of three brass tele- 
scopic tubes supporting a clip, with universal motion. It is 
fixed by a clamp either to the bed or couch on which a patient 
lies, or to the table on which he places his arm or hand ; or 
it may be attached to the waggon on which the apparatus^ is 
carried (see Fig. 47). It is very portable, but when drawn out 
to its fullest extent, is not very rigid 

On some portable apparatus a wooden stand is fixed by 
means of a screw. This is, as a rule, more rigid, but has less 
freedom of movement. 

Stereoscopic Stands. — Mention has already been made of 
the Davidson system of stereoscopic photography, in which 
two different photographs are taken with the tube in slightly 
different positions. Negatives are thus obtained by means of 
which the position of a foreign body may be localised with 
mathematical accuracy, and from the negatives may be ob- 
tained prints which, when viewed through a stereoscope, show 
the parts standing out in their natural relationship, or as 
nearly so as the distortion of the shadows will allow. 

To place the tube first in one position and then in another 
at a known distance from the first, and yet in the same 
horizontal plane, necessitates the use of graduated apparatus. 

Sometimes the stereoscopic stand is attached to a special 
form of couch (see below), but there are several portable 
forms. The most usual consists of two upright pillars 
placed one on each side of a couch, and a graduated box- 
wood cross-piece fixed across them. On the cross-piece 
runs a sliding clip, which may be fastened firmly in any posi- 
tion. Such a stand is very rigid, and most useful for all 
kinds of X ray photography. For screen work it is not so 
well adapted ; but screen work does not, as a rule, necessita,te 
such great rigidity in the stand, so that one of the forms 
described above fulfils all requirements. 
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Stereoscopic Couch. — For accurate stereoscopic work, and 
for Dr. Davidson 8 system of localising foreign bodies, some- 
thing more is required than a rigid holder. When two photo- 
graphs are to be taken of the same part of the body, with 
the focus tube in slightly different positions, it is necessary to 
have some means of changing the plates without altering 
the position of the subject. Further, some sort of mark must 
be made on the plate, which will enable the finished photo- 
graphs to be accurately registered for viewing through the 
Wheatstone stereoscope. 

The most complete apparatus is the couch devised by Dr. 
Mackenzie Davidson. Fixed to the sides of the bed are two 
uprights and a graduated cross-piece, arranged as in the stand 
last described. Sliding along the cross-piece is a clip for 
holding the tube. 

Underneath the centre of the bar is a gap in the cushioning 
of the couch, and flush with the upper surface of the cushions 
is a square frame large enough to hold the largest plate likely 
to be used. Over the frame is a tightly stretched sheet of 
vellum. Below this is an arrangement for sliding in the plate, 
enclosed in a black envelope. 

To ensure accurate registration two thin lead or platinum 
cross-wires are strained across the vellum, one running parallel 
to the cross-bar of the stand and exactly beneath it. 

In working with this apparatus the patient is placed on 
the couch in such a position that the part to be radiographed 
lies on the vellum. The tube is first adjusted by means of a 
plumb-line, so that its anode is perpendicularly above the inter- 
section of the cross- wires. Sliding-pieces are now clamped on 
the graduated bar at equal distances on either side of the clip, 
so that it may be free to slide about 2 ins. in either direc- 
tion. It is run along until stopped by one of these pieces. A 
plate is inserted beneath the vellum, and the exposiu'e made. 
Then, without moving the patient, the plate is removed and a 
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fresh one inserted, the clip is run back until stopped by the 
other sliding-piece, and an exposure made with the tube in the 
new position. 

The distance apart of the two positions of the anode should 
be about 2i ina, with the tube 20 ins. away from the plate. 

Wheatstone*s Stereoscope. — A convenient means of view- 
ing these photographs is the Wheatstone's stereoscope, consist- 
ing essentially of a stand which holds the two prints facing 
one another, about 18 ins. apart, and two mirrors set perpen- 
dicularly at right angles to one another between the photo- 
graphs. The arrangement is shown diagrammatically in Fig. 
4.S. E and E^ are two eyes looking into the plane mirrors, M 
and Mj. The eye E sees the print P, whilst Ej sees Pj, with the 

p. 



6^6 

E E, 

Fig. 43. — Diagram of Wheatstone's Stereoscope. 

usual stereoscopic effect that the parts shown in the prints 
stand out in their natural positions. 

Davidson's Localiser.. — Beautiful as are the results of 
Davidson's stereoscopic system, the greatest utility of the 
couch and stand is in the accurate localisation of bullets, 
needles and other foreign bodies, even such minute particles as 
steel filings in the eyeball. 

It is easy to see how by careful measurements of the 
distances of the images of the foreign body from the shadows 
of the cross-wires in each photograph, a mathematical calcula- 
tion can be made showing the exact position and size of the 
body, including its distance beneath the surface.^ 

1 Mr. Ernest Payne suggests a graphic method. He says {Archives of tJie 
Jioentgen Ray, vol. ii., p. 31) : — 

" Let u« first consider a theoretical case. Referring to Fig. 44, let AB be a 
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The Davidson localiser does away with any need for 
mathematics. 

Two photographs are taken on one plate from two positions 
of the tube, which are accurately measured by tbe stereoscopic 
stand After development a double image of the foreign body 
is shown, but only one image of the lead cross-wires. To 
utilise the negative so obtained, a cross-thread localiser is used, 
which Mr. Davidson describes thus : — 

" A sheet of plate glass is fixed horizontally, having two 
lines marked upon its surface crossing at right angles in the 
centre. A mirror hinged below it allows the light to be 
reflected from below so as to render details of the negative 
placed upon the sheet of glass visible by transmitted light. 

S 




E c r D 

Fig. 44. — Graphic Method of Localisation. 

hidden object, the size and position of which we wish to know. If we take a 
radiogram with a tube, T, we shall obtain a shadow, CD, on a plate, PQ, placed 
below the object ; if we move the tube to another position, S, we shall obtain 
another shadow, EF. Then if we draw lines from T to C and D, the ex- 
tremities of the first shadow, and from S to E and F, the extremities of the 
second shadow, TO and BE will cut one another at A, and TD and SF will 
cut one another at B. Conversely, therefore, if the positions of S and T are 
given, together with the dimensions of the shadows, we can determine the 
, position and size of A6. 

*' In actual practice graphic methods may be employed, the drawings 
being made full size or to scale, so that no trigonometrical calculations are 
needed, and the dimensions can be taken direct from the drawing." 

It should be noticed that plane geometry is used in this method, so that 
care must be taken to make the line of displacement of the tube lie in the 
same plane as the needle and its shadow, or errors will be introduced. 
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" A scale fastened to a horizontal-bar slides up and down on 
two rods which support its ends. The scale has small notches 
opposite its marks. This is so placed that a perpendicular 
dropped from the or middle point of the scale tells exactly 
where the lines cross on the glass stage. Further, the edge of 
the scale is parallel to the line running right and left on the 
glass. 

"The negative is now placed on this glass stage, being 
careful to bring the shadow of the cross-wires into register 
with the cross on the stage, and placed with its marked 
quadrant in correct position. The gelatine surface can be pro- 
tected by a thin transparent sheet of celluloid. 

" The scale is now raised or lowered so as to bring the 0° 
to precisely the same distance above the negative as the anode 
of the Crookes' tube when the negative was produced. All 
that is now necessary is to place a fine silk thread through the 
notch on one side of of the scale, and another thread through 
a notch on the other side, exactly the same distance apart as 
that which measured the displacement of the X ray tube. 

" Small weights are attached to the ends of the two threads 
to keep them taut, while the other ends are threaded into fine 
needles fastened to pieces of lead Thus the needle with the 
thread can be placed on any point of the negative and remain 
in position. In short, the negative is now relative to the cross- 
lines, the scale and the notches from which the two threads 
come, exactly the same as it was to the cross-wires and Crookes' 
tube when being produced. 

" A needle with the thread is placed upon any point on one 
of the shadows of the foreign body, and the other needle is 
placed upon a corresponding point in the other shadow, and it 
will be found that the threads cross each other, just touching 
and no more. The point where they cross represents the 
position of the foreign body.*' 

To measure off the position of the foreign body thus re- 
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vealed, one or two subsidiary pieces of apparatus are found 
useful. Mr. Davidson uses a brass needle mounted on a solid 
stand in such a way that its point can be fixed at any desired 
height, and an upright millimetre scale. The needle-stand is 
placed on the negative, and moved until the point of the 
needle just touches the crossing of the threads. It is then 
turned round bodily so that the height at which the needle 
point stands is measured off on the scale. 

The distance from each cross-wire of the foot of a perpen- 
dicular dropped from the crossing-point to the plate is 
measured with a pair of compasses, and the three measure- 
ments noted thus: — 



\icm 
'ycm"\ 

DtPTH 2'5 cm 

Fig. 45. — Davidson's Localisation Diagram. 

If at the beginning of the operation the lead-wires have 
been inked, they will leave a cross on the skin of the patient, 
from which the position of the foreign body may be found 

Payne's Tube-holders. — In all the holders described so far, 
some part of the tube is firmly gripped by some form of spring 
or screw clip. Mr. Payne always suspends his tubes on glass 
hooka Two of these hooks are bound tightly to a horizontal 
strip of wood by means of rubber bands, and the tube is placed 
in the cradle so formed The strip of wood may be fixed to 
any convenient form of stand Another form for a special 
purpose is described on page 146. 



CHAPTEB Vm 

FLUORESCENT SCREENS. 

Huorescent Substances. — In Roentgen's original experi- 
Tnent8 the finorescent material used was platino-ejanide of 
harinm, whilst in Lenard's earlier work the substance was 
pentadecylparatolyl ketone. Mr. Herbert Jaekscm uses a 
hyflrated platino-cyanide of potassium, whilst after a long 
series of experiments Edison selected ealdum tungstate. An- 
other substance, which has the advantage of being readily- 
prepared pure, is ammonium uranium fluoride. In par. 6 of 
Roentgen's first paper he states: — 

"The fluorescence of barium platino-cyanide is not the 
only recognisable phenomenon due to X rays. It may be 
observed . . . that other bodies fluoresce, for example, phos- 
phorus, calcium compounds, uranium glass, ordinary glass, 
calcspar, rock-salt, etc" 

The substances chiefly used at the present day are the 
platino-cyanides of barium and potassium, tungstate of calcium, 
and uranium ammonium fluoride. 

Barium Plati no-cyanide. —This is the substance most com- 
monly used in England. Messra Johnson & Matthey now 
prepare it in a state of great purity, and make screens by 
spreading it on cardboard, or better, vellum, which give very 
great brilliancy, though others, notably those of Kahlbaum 
give rather better definition with a certain loss in brightness. 

The chemical composition of ^the substance is set out in 
the formula BaPt (CN)^ + 4H2O, and it may be prepared by 
j);isslag hydrocyanic acid gas through a mixture of water, 
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platinous chloride and barium carbonate. The hot mixture 

is filtered, and the clear solution on cooling deposits large 

rhombic crystals. 

Unfortunately, these crystals are too coarse in texture to 

spread nicely over a screen, and if they are ground up they 

lose a great deal of their fluorescing power. 

Finely crystalline powder may be purchased from chemical 

dealers in a fair state of purity at about £2 per oz. 

Screens of this material are certainly best purchased from 

a manufacturer, and when injured should be repaired by the 

firm that originally made them. Still, amateur-made screens 

often work very well, though they are much more easily made 

of the uranium compound described below. 

Barium platino-cyanide gives a greenish-yellow fluorescence 

under the X rays, almost identical in colour with the fluor- 
escence of the glass of the tube. 

Potassium Platino-cyanide. — This salt is used both by 
itself and mixed with the barium compound. It has the draw- 
back that it ceases to fluoresce when it has lost a portion of 
its water of crystallisation, so that screens which are prepared 
with it are usually covered with some waterproof varnish. 
Its chemical formula is K^Pt (CN)^ -r I2H2O, and it is pre- 
pared by dissolving ammonium platinic chloride with caustic 
potash in a strong hot solution of potassium cyanide ; on cool- 
ing, the salt crystallises out. It fluoresces with a bluer light 
than the barium salt, but not quite so brightly. It is claimed 
in its favour that screens prepared either with the potassium 
.salt alone, or with a mixture of the potassium and the barium 
salts, can be made to give more accurate definition of an X ray 
shadow than with the barium salt alone. 

Calcium Tungstate. — When the X rays fall on either of 
the two salts just described they fluoresce, that is to say, they 
transform a part of the energy of the rays directly into light. 
Calcium timgstate has the same property in a smaller degree, 
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but it also phosphoresces, that is to say, it stores up a certain 
amount of the energy, and gives it out as light after the rays 
have ceased their action. This has the peculiar effect of giving 
a slightly persistent image on a screen made of the substance, 
so that the shadow of such an object as a moving joint is 
blurred. 

For coating a screen calcium tungstate must be crystalline. 
When first it was suggested for this work, much disappoint- 
ment was caused to amateurs, who coated screens with preci- 
pitated calcium tungstate, a substance readily prepared in a 
chemical laboratory. 

The crystalline substance is found naturally as the mineral 
scheelite in many parts of the world. In England it occurs at 
Caldbeck Fall, in Cumberland. It is prepared by mixing solu- 
tions of calcium chloride and sodium tungstate, mixing the 
precipitated substance with lime, and heating it strongly in 
a current of hydrochloric acid gas. 

Its formula is CaW04, and it fluoresces with a bluish 
light, which is far more actinic than that of the platino- 
cyanides, hence it is used for intensifying screens (page 131). 

Uranyl Ammonium Fluoride. — This salt, which fluoresces 
well, is very easily prepared in the laboratory. Strong solu- 
tions are made of uranyl nitrate and ammonium fluoride. The 
two solutions are mixed, using 6 parts by weight of ammonium 
fluoride to 1 part of uranyl nitrate, and well shaken. A fine 
crystalline precipitate quickly forms. This is filtered, washed 
with alcohol and dried. It is insoluble in ammonium fluoride 
solution, but soluble in water, and has the chemical formula 
UO2F2 . 3NH4F. 

Supports for Chemicals. — The supports originally used for 
the fluorescent chemicals were generally made of cardboard. 
Nowadays various substances are used. The most serviceable 
is a piece of vellum stretched on a wooden frame. One side is 
coated with the chemical, whilst the other is blackened. Fre- 
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quent use is apt to soil the back of the screen, and it is as 
well to have it made of some material which may be washed 
without injury. 

Some screens are mounted on waterproof material, such as 
rubber, and are purposely made flexible. It is conceivable that 
circumstances may arise in which a flexible screen may be 
useful Often, no doubt, such a screen might be closely applied 
to some part of the anatomy, and thus give a clearer image 
than could be obtained on a flat screen; but, as a rule, the 
shadow on a flat screen, which is a simple conical projection, 
will be found quite difficult enough to diagnose without any 
further complications. The distorted shadow on a curved 
screen should not be used if it can be avoided. 

A very flexible screen is, however, useful as an intensifier. 

Intensifying Screen.— Very soon after the introduction of 
X ray work attempts were made to reduce the times of ex- 
posures by placing some fluorescing material on the photo- 
graphic plate. Roentgen thought it quite possible that the 
photographic eflect on a plate was "due to the fluorescent 
light which . . . may be generated in the glass plate, or, 
perhaps, in the gelatine," so that it was quite natural to 
use some means for increasing the light. Mixing fluorescent 
materials with the emulsion of plates has had no good eflect, 
and the best results have been obtained by placing a flexible 
screen face to face with the plate. It need hardly be said that 
the screen must be as near as possible, as theoretically per- 
fect results can only be obtained when film and screen are in 
optical contact. 

If the platino- cyanides were used, an isochromatic plate 
would be necessary, as the light given by them is only slightly 
actinic. I have not come across any detailed statements as to 
the use of difierent emulsions, but my experience with iso- 
chromatic plates is that they are very much slower for X rays 
than those which have not been isochromatised. 
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A calcium tungstate screen works well, but it seems to be 
very difficult to coat it so evenly as to be free from visible 
grain. This affects the plate and gives a granular photo- 
graph. 

If the object of the radiographer be to obtain an artistic 
picture, or a radiogram showing fine structural details, then an 
intensifying screen would be a mistake. But in most cases a 
surgeon wants a bone shadow which will help him to a rapid 
diagnosia Here rapidity of exposure may be valuable, and 
seeing that a calcium tungstate screen will reduce the exposure 
to one-fifth of that required by the unaided plate, it is aston- 
ishing that it is not more used than it is. 

Fluorescopes, — The fluorescent light given out by a screen, 
even when acted upon by the most powerful X ray apparatus, 
is very small, and can only be seen when all other light is 
excluded. 

The best work is done in a dark-room, but various arrange- 
ments have been invented for excluding the light from the 
immediate vicinity of the plate. A very convenient form 
consists of a leather camera bellows with the screen fixed 
tightly at one end, whilst at the other is a fur-edged aperture 
against which the eyes may be placed. As a rule, it will be 
found that these instruments are much too long, and it is as 
well to order one either with collapsable bellows, or else made 
so that the eyes come up to the nearest point of distinct vision 
(say 8 ins.) from the screen. 

The name "fluorescope" was given to this piece of ap- 
paratus by Edison, and Salvioni gave the name " cryptoscope " 
to a similar arrangement, whilst Seguy calls his form the 
"lorgnette humain". 

Care of a Screen. — To keep a screen free from dust and 
scratches, a good system is to cover it with a plate of photo- 
graphic glass. This in no way impedes the view, and has the 
extra advantage that outlines may be drawn upon it with the 
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yellow pencils used in chemical laboratories for drawing on 
glass. 

Calcium tungstate intensifying screens are very liable to 
become soiled as they are carried into the photographic dark- 
room. Great care should be taken in handling them, as dirty 
linger-marks on the surface will give constant reminders on the 
platea It is as well to keep them when not in use in a special 
dark slide (see page 167). 

Stereoscopic Screens. — Davidson's success in producing 
stereoscopic radiograms has led to various attempts at producing 
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Fig. 46.— Formation of Stereoscopic Shadows. 

screens to show stereoscopic shadows. There seems to be only 
one method of accomplishing this object, and Mr. Davidson is 
the only one who has applied the method with any approxima- 
tion to succesa 

Shadows are thrown on a screen from two tubes placed a 
few inches apart. The tubes are so arranged that they work 
in alternate flashes, a momentary current passing iirst through 
one, then the other, and then back again. These shadows are 
viewed through an apparatus which cuts off the view of each 
eye in turn whilst opening up the view of the other. Thus in 
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the figure (46), if TT be the tubes, then when the flash passes 
tnrough the right-hand tube the shadow, a 6, is seen. When 
the left-hand tube gives out the rays, the shadow, c, d, will 
appear. But each eye will retain the impression of the shado\i'' 
during the short period of blindnass ; therefore, the total effect 
is to give a different point of view to each eye, and a stereo- 
scopic shadow. 

The practical difficulties in designing such an apparatus are 
very great. Mr. Davidson uses two coils with mercury con- 
tact breakers. These breaks are both worked by the same 
motor, so that the break comes alternately in the two coils. 
To give the alternating vision, the screen is viewed through 
a pair of eye-holes, behind which a large perforated disc is 
rotating. The perforations are so arranged that when one 
eye-hole is shut the other is always open. 

The results obtained when once the instrument is synchro- 
nised and adjusted are remarkably good, but in its present state 
it is hardly suited to the use of the general practitioner. 



PART III. 

FKACTICAL X RAY WORK. 
CHAPTER I. 

INSTALLATIONS. 

The essential parts of an X ray installation are the battery, 
the coil, the tubes and tube stand, the screen, and supplies of 
wire and photographic materials. In country places, where 
there is a difficulty in obtaining a supply of electricity, a 
Wimshurst or Holtz machine may be used instead of the 
battery and coil. Many instrument makers advertise complete 
Hcts. Both the composition of the sets and the prices vary 
through wide limits. Probably the cheapest installation which 
will give good results, consisting of a 6-in. spark coil, with two 
tubes, tube holder and accumulator and screen, will cost about 
£25, though the most famous makers charge this amount for 
the coil alone. A Wimshurst machine which might be sub- 
stituted for this sized coil will cost about £20. 

With a small installation such as this a very large amount 
of work may be done, in fact anything excepting the photo- 
graphy of pelvic region of adults. In some cases, however, a 
rather long exposure will be required. 

Hospital Installations. — Where every kind of work has 
to be done a very complete installation is required. No two 
hospitals have the same arrangements, but it seems to be gener- 
ally agreed that a 10-in. coil is the smallest that will fulfil all 
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requirements, and at the same time the largest that can be 
conveniently moved about. Such a coil with the essential 
accessories will cost from £40 to £60, but when means for 
charging the batteries or working from the mains, localising 
apparatus, spare batteries and tubes, carriages for the coil and 
battery and so forth are added, the cost is considerably 
increased. 

Two distinct types of hospital installation are in use — 
stationary and portable, many hospitals of course using both. 

Stationary Apparatus. — Where patients can be brought to 
the apparatus a great deal of trouble is saved, and more 
efficient work cap usually be accomplished. Although a 
portable form of Dr. Mackenzie Davidson's stereoscopic couch 
is made, the original form is much more rigid, and the best 
work on this system can only be done with stationary appara- 
tus. A heavy coil giving up to 20-in. spark with a mercury 
break may be fixed permanently on a table together with 
rheostats and measuring instruments. Or, if it be preferred 
to have a switch-board fixed to the wall, the coil may be placed 
on a shelf and permanently connected with the electric lightint^ 
mains. Most makers advertise some special form of stationary 
installation in their catalogues. It is as well, however, when 
setting up a heavy X ray plant to have it designed to meet 
the special conditions under which work is to be performed. 

To develop its full usefulness, the apparatus should be set 
up either in a dark-room or in a room which may readily be 
darkened so that screen work may be carried out at any time. 

Portable Installations. — Great ingenuity has been ex- 
pended in devising poi^table apparatus. Even the small 
apparatus mentioned at the beginning of the chapter is very 
heavy, and a large coil in addition to its weight is a very 
awkward thing to carry about. In an hospital it may be placed 
on some kind of carriage, but for moving from house to house, 
or for military purposes, it must be fixed in a case. 
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All the different carriages which I have come across have 
one great objection — their wheels are made too small. Con- 
stant moving about, especially in and out of lifts, always 
causes a certain amount of jolting which is less apparent when 
large wheels are used than with even the most perfectly tyred 
small wheels. 

When the coil and accessories are fitted into a portable case, 
it is out of the question to increase the weight by the addition 




Fig. 47.— Portable.Coil. 

of a battery. Hence battery and coil must be carried sepa- 
mtely. Fig. 47 shows a 10-in. coil set in an oak case which 
opens at the top and ends and has folding discharge rods. Its 
dimensions are 2 ft. 5 ins. x 10 ins. x 12 ins., and it weighs 
about 60 Ib.i 



* The coil of which this is a photograph was made for me by Mr. Leslie 
Miller, and is similar to one supplied by him to the military hospital at 
Omdurman. 



CHAPTER II 

RADIOSCOPY. 

Arranging the Apparatus. — A screen examination is some- 
what simpler than the taking of a radiogram, although the 
arrangement of the apparatus is very much the same in both 
cases. In this chapter a description will be given of the 
methods of working with a screen. 

First of all, the battery must be connected with the coil. 
In some installations it is left connected, and only removed 
when necessary for charging. This is not advisable, as one of 
the sources of leakage in a secondary battery is short-circuit- 
ing across the surface of the wood between the terminals. If 
these terminals be connected by partially insulated wires to 
other terminals (those of the coil), which are very close together, 
there is an additional opportunity for leakage. In installations 
set up on movable waggons these wires often run close to- 
gether over wooden surfaces, across which furttier leakage may 
take place, especially in damp weather. It is therefore just as 
well to always disconnect the wires when not in use, and the 
disconnection should always be made by releasing the wire 
from the battery terminal. 

Both the battery and the coil terminals are marked, so 
that there is no difficulty as to the connections. Indeed, it 
matters very little how they are made, as the current can 
always be reversed by the commutator. Usually the + of the 
battery is connected with the P,of the coil, and the - to the N. 
If measuring instruments be inserted, the connections should 
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be + (battery) to + (ammeter) ; - (ammeter) to P (coil) ; N 
(coil) to - (battery). This set of connections must be made 
with stout wire (10 or 12 B.W.G.), or a flexible wire with 
many strands. The wire should not be closely coiled up, as 
this only increases the resistance due to self-induction, but 
should be as stout as convenient, and as far as possible in 
straight lines. 

The focus tube is connected with the terminals on the dis- 
charge rods of the coil. Here a fine wire is sufficient (80 to 
36 B.W.G.), but it must be well insulated. Self-induction is 
negligible, so the wire may be wound into a coil before at- 
taching. The best method of doing this is to wrap an ample 
length of the wire tightly round the rod, about half an inch in 
diameter. On withdrawing the rod, not only has the wire a 
neater appearance, but it has sufficient elasticity to allow for 
any movements of the tube and stand which may be made 
whilst getting the tube into position It is always a nuisance 
to find that your wire is too short, and if too long, and un- 
coiled, it is apt to spark across by coming into contact with 
some conducting substance. 

Some operators use heavily insulated cables specially con- 
structed for this work, which cannot be coiled, but a careful 
worker will find a thin wire insulated with gutta-percha all 
that he requires. 

With an Apps' coil, and with most others, the discharge 
ix)d nearest to the commutator becomes negative when the 
handle of the commutator is moved over so as to point out- 
wards from the coil — that is, if the connections between batter}' 
and coil have been made properly. This rod should, therefore, 
be connected with the concave cathode of the focus tube, whilst 
tlie other one is joined up with the anode. 

The whole apparatus is now in working order, and on 
turning the commutator into the position just described, one of 
tliree things happens : — 
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(a) No Current Passes. — In this case the contact breaker 
is probably not in working order, and should be regulated by 
the tension screw until the platinum contacts come together, 
and one of the other two results is caused. 

(6) Sparks Leap Across Between the Discharge Rods. — Thus 
showing that the resistance of the air between the points of 
the rods is less than that of the tube. In this case turn off the 
current by means of the commutator, draw the rods a little 
farther apart, and then re-establish the current. This opera- 
tion may have to be repeated several times before the desired 
effect is obtained. If, when the points of the rods are as far 
apart as they will go, the spark still passes through the air, 
the tube is too hard for the coil, and must be heated, or 
changed for another. 

(c) The Tube Fluoresces. — This is the desired state. A 
certain amount of judgment must now be exercised. With a 
6-in. coil or less, the tension of the contact breaker may be 
adjusted until nearly the full power of the coil is used. With 
a larger one the power required may be best judged by exami- 
nation with a screen. No object is to be gained by forcing a 
powerful 'current through a soft tube, as it merely becomes 
overheated without any great gain in penetration. Very low 
tubes should be kept for photographic work or screen exami- 
nations of such thin parts as the hand. For examining thicker 
parts with the screen a hard tube will be necessary. 

Screen Examinations.— The fluorescence of even the best 
screen is invisible in broad daylight. Indeed, the utmost pre- 
caution should be taken to prevent any light from falling on 
either the screen or the eye of the operator whilst making an 
examination. The fluorescope, which was described on p. 132, 
shuts out the light very effectively, but as it is generally used 
in a light room it takes some time for the eyes of the operator 
to get accustomed to the darkness within. When examining 
a deep part, such as the thorax, with a fluorescope, a peculiar 
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effect is produced, especially on a bright day. At first nothing 
is to be seen but the black shadow of the body. As the eyes 
get more and more accustomed to the darkness, details gradu- 
ally develop like the details of a developing photographic 
plate. First, the shadow of the ribs become visible, then the 
outline of the heart, and so on. 

For examining injuries of the extremities the fluorescope 
is very useful, but for deeper parts a dark-room is necessary. 
Indeed, all screen work, however simple, is best done in a dark- 
room. The fluorescope is rather a clumsy piece of apparatus, 
employing both hands, and even when fixed on a stand it is 
rather awkward to manipulate. On the other hand, a screen 
stretched on a light frame and mounted on a foot so that it 
can stand vertically, is much more handy. 

The chief use of the fluorescope is to examine parts with 
a view to finding the best position in which to photograph 
them. This subject is discussed later on, so that it need only 
be mentioned here. 

The amount of ordinary light given out by the fluorescing 
glass of an excited focus tube is only realised when seen in 
a dark-room. Some covering is necessary. In Roentgen's 
original experiment it was wrapped up in black paper, but for 
ordinary purposes a specially made box of thin ebonite, which 
will hold both tube and clip, is most useful. 

Neither of these contrivances is necessary when one of the 
red tubes is used, as the red light is not only more feeble but 
it is much less dazzling in its quality than that given out by 
an ordinary tube. Another source of light which is sometimes 
annoying in a dark-room is the spark at the platinum contacts 
of the break. 

Some workers keep the coil covered up. Others have a 
cardboard box fitting over the contact breaker. Others again 
have the coil in a separate room or behind a wooden screen. 
A mercury break being separate from the coil is easily covered 
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up, but, as a rule, gives an annoying flicker on the screen. 
The mercury jet break fulfils every condition for use in tlie 
dark-room. 

Even with a rapid rotating break there is a certain amount 
of flicker, but the intervals of light and darkness are so rapid 
that the eye retains the general impression of a fairly steady 
light. There are, however, circumstances under which the 
intermittent nature of the illumination becomes apparent. If 
a hand he examined in a dark-room, so long as the hand is at 
rest a seemingly steady shadow of the bones will be seen, and 
if the hand be slowly moved no change will be noticed, but if 
it be moved rapidly backwards and forwards behind the screen, 
instead of a moving shadow a series of shadows will show on 
the screen. The operator, whose eyes retain the impression of 
several of these, will see a most irritating series of overlapping^ 
shadows. 

Localising Foreign Bodies with the Screen. — Such foreign 
bodies as needles, shot or bullets in the extremities may be 
readily recognised by a screen examination. This in itself is 
undoubtedly an advantage to the surgeon ; but the shadow i.s 
often very misleading and difficult to interpret. A little ex- 
perience, however, enables one to make a fair guess as to the 
position of the metallic substance. Take, for instance, one of 
the photographs on Plate IV., which shows two foreign bodies 
in a left forearm. As a matter of fact, both these radiograms 
were taken from an arm which did not contain any foreign 
body. Two square pieces of sheet lead were cemented to the 
arm, so that, as it lay on the plate, one piece was below the 
arm, touching the plate, and the other as far from the plate as 
the thickness of the arm would allow. The question to be 
answered is : What are the relative positions of the bones and 
the two pieces of lead ? Imagine for a moment that the shadow 
seen on the screen was exactly similar to that seen in the 
right-hand photograph. 





Plate IV. — A Method of Localisation. 
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Two things are at once evident : (a) that the piece of lead 
nearest to the carpus throws a larger shadow than the other. 
As they were equal in size, this indicates that the larger 
shadow is that of the piece farther from the screen ; (6) that 
the larger shadow is not quite so well defined as the small one. 
This points to the same conclusion. The shadow of the piece 
farthest from the screen would throw the dimmer shadow. 

Thus, without any further investigation, we gather that the 
piece A lies deeper than the piece B. 

Next comes the question whether the pieces of lead are on 
the near or far side of the bone ; the expressions near and far 
being used to indicate the side nearer or farther from the 
screen. 

Keeping the tube and the screen stationary, the arm was 
moved through a distance of 7 or 8 ins. to the position 
shown on the left of the figure. ' The relative positions — the 
shadows of the bones and the two pieces of lead — have now 
entirely changed. The piece of lead. A, has apparently moved 
across from the ulna towards the radius, or in the direction in 
which the arm has been travelling. A moment's considera- 
tion will show that the shadow of the lead must, therefore^ 
have travelled farther than that of the bone. The lead must, 
therefore, be nearer the source of illumination, i.e., it must be 
on the aide of the arm remote from the screen. 

The shadow, B, gives the opposite eflect, as the arm moves 
from right to left ; the shadow of the lead travels back from 
outside the bones to the centre of the radius, that is, its posi- 
tion relative to the shadow of the bone has travelled in a 
different direction from that in which the arm has moved. 
Following the same reasoning as before, we conclude that the 
piece B is on the nearer side of the arm. 

Such a method is not mathematically accurate, but when 
better means are lacking, and a rapid localisation is necessary, 
it is useful. Very little practice will enable any one to make 
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a fair guess at the depth of a foreign body embedded in the 
thinner parts of a human body. 

The Punctograph. — Although the above affords a simple 
method of approximate work, there are means of more exact 
procedure, without resorting to the photographic plate. The 
punctograph is a little instrument consisting essentially of a 
stout ring of brass attached to an ebonite lath. An aniline 
pencil is held by a spring in such a manner that, on the release 
of the spring, it runs through the brass ring and will mark 
anything against which the ring is pressed. For localising a 
foreign body, for instance a shot in the arm, two punctographs 
are used. The screen is set up on a stand so that both hands 
of the operator may be free. The arm is held up so as to cast 
a shadow of the shot on the screen, then one of the puncto- 
graphs is placed between arm and screen so that the shadow 
of the ring has that of the shot in its centre. The other 
punctograph is then placed on the other side of the arm, and 
adjusted until the shadows of the rings overlap, that of the 
shot still forming their centre. On releasing the triggers each 
aniline pencil makes a dot on the arm. The shot will of 
course lie on a line drawn through the arm from one dot to 
the other. A slight practical difficulty comes in when the arm 
is so thick as to make one ring much closer to the tube than 
the other. The ring nearest the tube throws a much larger 
shadow on the screen than the other, so that the two do not 
overlap but form concentric circles around the shadow of the 
shot. The arm is next turned into a slightly different position, 
but still showing a shadow of the shot, and the operation is 
rept^ati^iL 

Vonr dots will now be found on the arm, and a rough 
BieaHuiHHiient and calculation will indicate the position of the 
i^hot In the diagram (Fig. 48) a section of the arm is shown 
with tile shot X, and four marks, a, 6, c and d. On measure- 
ment a^ h i*H found to be 7 millimetres, whilst c, dm 19. On 

\ 
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measuring a, d with a pair of callipers, it is found to be 74 
millimetres, whilst 6, c is 76 millimetres. For practical pur- 
poses X, a, h and aj, c, d may be considered similar triangles, so 
that the shot will be found between h and c at a distance of 

~^— — ,, or in the special case under consideration of ■- -^ 

ab + cd ^ 7 + 19 

= 20*4, or say 20 millimetres. 

Very good results may be obtained with these instruments 

if care be taken to keep the points of the pencils fairly sharp. 

These require a certain dexterity of manipulation, and may both 

be managed with one hand if necessary, but it is best to have 

the screen on a stand, and get an assistant to hold the patient's 




Fig. 48. — Punctograph Diagram. 

arm or leg in position, so that both hands may be free for the 

adjustment of the punctographs. 

Payne's Method. — In the above method of localisation the 

marks are made on the skin of the patient. This is to a 

certain extent an advantage, but it leads to slight inaccuracies 

in measurement from the fact that a, b (see Fig. 48) is not 

necessarily parallel to c, d, nor are a, d nor c, d straight lines. 

Mr. E. Payne's method is not subject to these drawbacks. The 

apparatus, which is merely a special form of stand for tube and 

screen, will readily be understood from the figure (49). The tube 

is held in a stand of the type suggested by Mr. Payne (see page 

127). The two glass holders are fixed to a sliding block which 

runs in grooves, so that it can only move in a horizontal line 

10 
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parallel to the plane of the screen, S. In the figure three sets 
of grooves are shown, so that the horizontal line along which 
the tube moves may be adjusted at any one of three distances 
from the screen. A scale is fixed on top of each groove so 
that the block may be displaced accurately through any 
desired distance. 

At the back of the screen are two leaden cross-wires, which 
may be covered with ink or aniline dye to mark the skin of 
the patient. 

The first adjustment is to place the tube in such a position 
that the point of emission of X rays is directly behind the point 




Fig. 49.— Payne's Localiser. 

where the wires cross. This is facilitated by using a strip of 
metal about 3 ins. long by 1 or 2 ins. broad, bent into a 
right angle. This is held behind the screen, so that the angle 
rests on the point where the wires cross, whilst the edges rest 
one along each wire. The screen is raised or lowered until the 
shadow of the horizontal portion becomes as thin as possible ; 
then the tube is moved until the perpendicular portion forms a 
like shadow. 

Having thus got the radiant spot of the anode perpendicu- 
larly behind the fixed point of the screen, the hand or arm or 
other part of the patient is placed between screen and tube. 
When the shadow of the foreign body — or, in the case of a 
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needle, the shadow of one end — comes over the crossing of the 
wires, the part is brought up close to the screen to take the 
mark of the wires. 

The tube is next moved a definite distance (say 6 ins.) 
along its groove. This will displace the shadow in the opposite 
direction, the shadow of the shot or needle point running along 
the horizontal wire. The distance of displacement is measured 
off with a pair of compasses and noted. 

A simple calculation may now be made to find the distance 
from the sm*face to the shot or needle end. For the sake of 
rapidity a table may be drawn out, once for all, so that by 
reference to the measm^ed distance on the screen, the depth of 
the foreign body may be read off in an adjacent column. 

With a stand such as the one figured, four columns will be 
required for this table ; one for the length, measm'ed on the 
screen, and the other three recording the depth indicated by 
that measurement when the tube-stand is in either one of the 
three grooves. 

Such a table is, of com'se, calculated out in the same manner 
as the calculation for a single operation. Mr. Pajme describes 
the work as follows : — 

" Let S S be the sm*f ace of the screen ; A the first position 
of the tube, giving a shadow at D. Then, when the tube is at 
C, there is a shadow at F, and when at B, there is a shadow at 
E, O being the shot. Now, A D is known beforehand, as also 
A B and A C, and we measiu'e D E and D F. The figure to 
show the distance of O from the screen may be prepared before- 
hand. We fill in the points E and F as observed, and by 
tlrawing lines B E, F C, obtain the position of O. If we 
employ threads and the apparatus recently devised by Mr. 
Mackenzie Davidson (see page 124), we adjust threads to repre- 
sent the lines, and measure the distance of O from the table. 
A mark should also be made on the hand showing a point in a 
line with the shot when the tube is at A. 
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A O ^^ A O 
AC A B' 



*' For any fixetJ valuer of A B, A C and A D, we can work 
oot A table gi\"iii^ the <listance D O in terms of the observa- 
tioiLs D E, D F or E F. 

*' Stum the opposite? ^i^gl^ of O are equal, we have by similar 
triangles — • 

DO 
DE 
.%DOxAC = AOxDE. 
Now, DO^AD-DO, 
.\ D O V A C = (A D - D O) D E ; 
,'. DOxAC^-DOxDE = ADxDE. 
DO(AC + DE) = ADxPE. 
ADj^DE 
A C + D E' 

A 



D = 




EOF 

Fm. 50. — Diagram. 

From thiH we can work out values of D O for different values 
of D E" 

DVt Mmy's Met hod. ^Dr. Remy, of Paris, has devised an 
apparatus which dous away with all calculations as effectually 
SkH the cross-thread localizer, and has the additional advantage 
that it may be used with the screen or with plates. Its special 
usefulness is in screen work. 

The apparatus, which is a localiser and tube-holder in one, 
is, at first sijL^ht, rather complicated. The Diagram I., Fig. 51, 
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which only shows the essential parts, gives a general idea of 
its appearance. The lines A show a section across a table, to 
which the holder is clamped by a clip. D D is an upright 
rod about 3 ft. long, which can turn in the clip-block, C, but 
may be clamped in any position by a little screw. 

The tube is held by a clip which may slide along the 
graduated rod, E. 




I. II. 

Fig. 61. — Remy Localiser. 



III. 



It will be noticed that the tube is thus directly under the 
table, and since the subject lies on the table, the examination 
is made from above. This is an instance of the chief differ- 
ence between English and Continental methods. In England 
mast screen examinations are made with the screen in a per- 
pendicular plane, and with the rays coming more or less 
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horizontally through the part under examination. On the 
Continent the tube is usually placed underneath the support 
on which the patient liea With good transparent supports, 
such as a thin deal table, this method has many advautages. 
We shall return to this subject of the position of the patient 
when speaking of radiography. 

The upper part of Remy*s upright rod D D is bent round, 
as shown in the figure, between the letters D and F, and 
within ■ the curve so formed is fixed rigidly a strong sheet of 
brass, (5. This sheet of brass and the graduated rod, E, are in 
one plane, and as the whole is rigidly connected so that the 
brass sheet and graduated rod, will rotate together when twisted 
around the clip-block, B. F will thus always be perpendicu- 
larly above E. 

In the brass sheet, G, are cut two curved slots, H and K, • 
which run across one another at their central points. 

These slots are really portions of the circumferences of two 
circles. As the apparatus is arranged in the figure, the slot, H, 
is an arc of a circle whose centre is the anode of the focus 
tube, O. If the tube with its clip were slid along the rod, E, 
a certain fixed distance until it reaches P, the anode would 
become the centre of the arc, K. 

For the sake of clearness, the actual localisers, named 
" materialised X rays " by Dr. Remy, are drawn separately in II. 
and I^I. II. is a front and III. a side view of a steel needle, 
about 18 ins. long, fixed so that it may slide easily through two 
brass blocks, a a, which in their turn are fixed to a brass piece 
sliding in the slots (H and K in I.). 

It will be apparent from I. that the needle, K, will always 
point along a radius of the circle, H, i.e., towards the anode of 
the focus tube in the position shown, (). It will thus lie along 
the course of a ray or pencil of rays. Hence its name. In the 
same way the needle, M, will always point towards the focus 
tube in its second position, P. 
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When Dr. Remy explained his apparatus to the London 
Roentgen Society, he experimented on a bullet inside a loaf of 
bread, as is roughly shown in the diagram. 

His adjustments were as follows : — 

(1) Turn the apparatus round in the clip-block until the 
focus tube swings out from under the table. Remove one of 
the needles, N, and glance through the holes thus left vacant 
(A A, Fig. 51, II.). Adjust the position of the focus tube, O, 
until the anode can be sighted through the two holes. Note this 
position. Repeat the operation with the holes for needle, N, 
to obtain the correct position, P. 

(2) Swing the apparatus back so as to bring the tube imder 
the loaf of bread. Return the needles to their positions ; place 
the tube in the position, O. Hold a screen over the bread, 
excite the tube, and look for the shadow of the bullet. Lower 
N until its point touches this shadow. To do this the ap- 
paratus may require turning round a little in the clip-block. 
When the point of the needle touches the shadow of the bullet, 
clamp the screw, C, Fig. 51, 1., and clip the needle tight by the 
screw, C, Fig. 51, II. 

(3) Change the position of the tube to P, Fig. 51, I., and 
lower M until it touches the shadow in its new position. This 
will require no rotation of the apparatus. Clamp the needle 
in this position, and remove the screen. Both needles will 
now be pointing directly to the bullet. Lower each needle 
until it touches the loaf, and mark the two points of contact. 

(4) Unscrew C, and swing the whole apparatus round so that 
the needles are no longer over the loaf. Now lower them 
until their points just meet, and screw the little stops, D, Fig. 
51, IL close up to the eye-holes. 

(5) Swing back over the loaf, drawing out the needles until 
they again touch the marked spots. The stops being fixed to 
the needles will now be at some distance from the upper eye, 
A, Fig. 51, II., and in each case this distance will represent the 
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depth of the ballet beneath the point touched by the needle in 
the Jirectictti of the needle a axi& 

Dr. Renoy claims that this apparatus may be used in the 
operating theatre, but as operating theatres are not dark, nor 
are operating tables adapted to such apparatus, it will pro- 
bably be found most useful in the radiographer's dark-room. 




Plate V. — Stellate Fracture of Patella showing Shadow of "Strapping' 



CHAPTER III. 

RADIOGRAPHY. 

Radiography, or the use of photographic methods, is much 
slower and less convenient than radioscopy, or the use of the 
screen. It has, however, certain advantages. The record 
given by a photographic plate is not only permanent but 
clearer, better defined and fuller of minute detail than that 
given by a screen. Further, the effect of the rays on a plate is 
cumulative, so that an image which when thrown on a screen 
is not perceptible can be registered on a plate by merely pro- 
longing exposure. In this way radiograms can be made of 
such parts as the pelvic region of an adult which are beyond 
the reach of the screen. 

Photographic Materials. — There are so many excellent 
text-books on photography that it would be a waste of time to 
enter here into all the details of development, fixing, intensi- 
fying and printing. There are, however, certain differences 
between radiography and photography, and it is to these 
which attention will be given in the following pages. 

Dry Plates. — I have seen it stated in various places that 
the X rays have no effect on a wet plate. Whether this be so 
or not, wet plates are ill adapted for radiographic purposes. 

In Roentgen's original paper, it was pointed out that either 
films or plates might be used indiscriminately. In par. 6 
occurs the statement: — - 

" It is still open to question whether the chemical ettect on 
the silver salts of photographic plates is exercised directly by 
the X rays. It is possible that this efiect is due to the fluores- 
cent light which, as mentioned above, may be generated on the 
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^lass plate, or perhaps in the layer of gelatine. Films may be 
used just as well as glass plates." 

Since the time when this paper was published, X ray 
workers have tried well nigh every brand of film and plate o^ 
the market, whilst makers have experimented with special 
emulsions. 

No very startling improvement has been made in the 
preparation of plates, and the general concensus of opinion 
seems to be that any good brand of very fast plate gives 
excellent results. At one time there were statements abroad 
that a slow plate was as rapid imder X rays as a quick one, 
but this is a fallacy. I have used many brands, but have 
always found those which are fast for ordinary light are fast 
for X rays. Isochromatic plates I have always found very 
slow. This statement must be taken as merely relative and 
not quantitative. It may be that the plate speeds of widely 
differing brands are nearer together for X rays than for light, 
but I have come across no exact experiments on the subject. 

Perhaps the favourite plates are the Cadet lightening, the 
Paget xxxxx, and the Lumi^re plates. I give personal pre- 
ference to the Imperial flashlight plates. The best advice, 
however, to any one who wishes to take up radiography, and 
who is already a photographer, is to use those plates which he 
understands. 

One of the difficulties in development is to obtain density. 
Radiograms are apt to be thin and lacking in contrast. To 
overcome this difficulty, and at the same time to decrease the 
time of exposure, special plates and films have been made coated 
on both sides. The rays after having done their work on the 
first coat pass on with very slight diminution and produce a 
fresh image in the second one ; if the plate be thin there is no 
practical difterence between these images which are of course 
in perfect register. Such plates are a little awkward to 
develop but give good results. 
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As it is not often necessary to print a large number of 
copies from any radiogram, some workers prefer to use X ray 
paper, which is a very rapid form of bromide paper. It has 
the advantage that several sheets of the paper may be placed 
one beneath the other, and all exposed to the action of the 
rays at the same time. Each piece offers scarcely any resistance 
to the rays, so that it is quite possible in this manner to expose 
a dozen together without suffering much loss in sharpness and 
detail On development a negative efllect of the shadow is 
shown, the bones appearing white against a dark background, 
but this does not in any way depreciate the value of the picture. 

Large photographic plates and papers are rather costly, so 
that, as a matter of economy, it is as well to use the smallest 
plates that will give all the details required. They are made 
in two sets of sizes, Continental and English. 

The table gives the English sizes in inches and Conti- 
nental in centimetres. Those sizes, which are approximately 
the same, are placed in the same line, but in no case are they 
exactly alike. This should be remembered when ordering dark 
slides to fit certain sized plates. An asterisk marks the longer 
plate. 



English. 


Continental 


a 4J X 3J 


12 X 9* 


5 X 4 


13 X 10* 


6 6J X 4J* 


15 X 11 


64 X 4J* 


16-5 X 12 


7} X 44* 


18 X 13 


74 X 5 


20 X 12* 


c 84x 64* 


21 X 16 


9x7 


24 X 18* 


10 X 8 


26 X 21* 


12 X 8* 


27 X 21 


13 X 8 




12 X 10* 


30 X 24 


15 X 12 


40 X 30* 



a Quarter plate. 
6 Half plate. 
c Whole plate. 
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Larger sizen are not, as a rule, kept in stock, but may 
readily be obtained They are generally made on much 
stronger glass than the sizes in the list 

Films have some advantages over platea They are more 
portable and not liable to fracture ; but, unless spread on a 
rigid, flat surface, they are apt to bend and complicate the dis- 
tortion of shadows. The Austin-Edwards' snapshot films give 
good results. 

A film which is used a good deal for X ray work is the 
"Cristoid," made by the Sandell Plate Co. It is simply a 
gelatine film without any mounting substance, and is made 
up of two emulsions, one very rapid and one medium. These 
films may be piu'chased ready packed in dark envelopes. They 
present considerable difficulties in development, and are much 
slower than fast plates. Their great advantage is that they 
may be used in the tropics, where films mounted on celluloid 
are useless. 

Dark Slides. — To obtain a well-defined radiogram it is 
necessary that the subject to be radiographed should be as 
close as possible to the plate. Hence the thinnest covering 
should be used that will keep out the light. For most pur- 
poses light tight paper envelopes are convenient. These are 
made by Messrs. Tyler, and can be obtained from any photo- 
graphic dealer. Or if desired, films may be purchased ready 
packed in the envelopes. As mentioned in the last paragraph* 
the Sandell Co. pack films in this way, but no doubt other 
makers would do so to order. The plate on its removal 
from the box is placed in an envelope of yellow paper, and 
this in its turn is placed in a stout black envelope. Some 
system is necessary in doing this or else the operator will be 
apt to forget which was the sensitive side of the plate. A 
plate exposed on the wrong side is very irritating, for although 
a good result may be obtained, the reversal of the image often 
leads to misunderstanding. The system usually adopted is to 
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place the plate so that the sensitive surface is in contact with 
the seamless side of the yellow envelope. The yellow envelope 
may be then placed in the black one so that the seamless sides 
of the two envelopes come together. 

It need hardly be said that all operations in which dry 
plates are handled, should be conducted in a dark-room. 

A difficulty in using plates packed in envelopes is that they 
are apt to break when any weight is brought to bear on them, 
unless they are lying on a flat, rigid support. This leads many 
to prefer a special dark slide. It consists of a strong wooden 
back on which the plate lies, and a hinged cover. The cover 
is made of black cardboard, which has the various sizes of 
plates marked on its outer side by white lines. When small 
plates are used, wooden carriers are placed inside the slide to 
keep them central 

When an intensifying screen is used, it is very necessary 
that the screen shall be held closely in contact with the plate. 
Under these circumstances the envelopes will be found incon- 
venient, and a dark slide is practically indispensable. 

Before leaving the subject of protecting plates from light, 
a few words should be said about protection from X rays. Of 
course, unexposed plates in their envelopes should not be 
brought near a working apparatus. In an hospital where several 
radiograms must be made consecutively at some distance from 
the dark-room, it is a decided convenience to have some means 
of carrying about unexposed plates. For this pm'pose I use a 
wooden case lined with lead, which will hold a dozen plates of 
any size up to 10 x 12 ins. with their envelopes. When the 
case is closed, the plates within are practically safe from 
fogging. 

In some portable installations a special metal-lined com- 
partment is provided for plates ; but most workers will prefer, 
even when their plates are protected by a metallic covering, to 
place them at some little distance from the excited tube. 



158 PRACTICAL X RAY WORK. 

Arrangement of Apparatus. — The actual position of each 
part of the apparatus, when taking a radiogram, will vary 
according to the size and type of apparatus used, and the 
convenience of the operator. The simplest arrangement is to 
put the plate, in its envelope or dark slide, under the part to 
be examined, and arrange the stand so that the tube is held 
above the subject. This keeps both patient and plate steady, 
and is the position in which most radiograms are made in 
England;^ but there are cases in which other positions are 
necessary, as, for instance, in the fractured patella (Plate V.). 
Here it was undesirable to move the patient, so the plate was 
placed vertically by the side of the knee, and held in position 
by sand bags, the focus tube being placed at the other side of 
the knee. 

Distance from Tube to Plate. — In deciding the distance 
from the plate at which the tube must be placed, various cir- 
cumstances must be taken into consideration, the chief of these 
being distortion, illumination and natm'e of subject. 

Distortion. — If a candle be held. at a distance of 18 in& 
from a piece of white paper, and two halfpennies be held so as 
to cast a shadow on the paper, it will be at once seen that the 
size of the shadow of the one nearest the paper is smaller than 
that of the other. In the same way the radiographic shadow 
of an opaque object which is some distance from the plate will 
be larger than one close up. 

Pursuing the shadow analogy, if one of the halfpennies be 

^ It has already been pointed out (page 149) that the Continental method 
is to place the tube beneath the support on which the patient lies. This will 
necessitate some form of holder for the plate and its covering, which is thus 
fixed rigidly to the couch, and less liable to displacement by the patient. 
Another advantage of this system is that a screen examination may be made 
before taking the radiogram, and when the best position for viewing the part 
under consideration is found, the plate may be brought into position and 
exposed without moving the patient in any way. Further, plates are not 
liable to fracture, films are not bent, and either plates or films may be adjusted 
so as to give the least possible distortion. 
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held parallel to the paper so that the rays from the candle fall 
normally on its surface, the outline of the shadow will be a 
circle; but if it be held still parallel with the plane of the 
paper, but so that the rays fall obliquely, the shadow outline will 
become elliptical This distortion will be less if the source of 
light is far off than if it is near. Thus the distortion will have 
the effect of giving incorrect ideas of sizes, distances and out- 
linea It will at once be seen that the farther the source of 
illumination is from the objects, the less will be the distor- 
tion. In the limit, when the illuminating point is at a 
practically infinite distance, as, for instance, in a shadow cast 
by the sun on a sheet of paper held perpendicularly to the 
direction of the rays, the shadow is without distortion, the 
rays having become practically parallel. 

When taking a thin part (hand or arm), this limit is very 
soon reached. The distortion over a 10 x 8 plate with the 
tube at a distance of 18 ins. is very small. A glance at the 
two radiograms on Plate IV. will give a definite idea of 
distortion. 

When films are used and get bent, an entirely new class 
of distortion is introduced, which need not be discussed 
here. 

Illumination. — Roentgen found that the X rays whilst 
passing through air obeyed the law of inverse squares. In 
his first paper he states (par. 10) : — 

" I succeeded with a water photometer — I do not possess a 
better one — in comparing the intensity of the light of my 
fluorescing screen at a distance of about 100 mm. and 200 mm. 
from the discharge apparatus, and found in the case of three 
tests, agreeing well with one another, that it varied very nearly 
inversely as the square of the distance of the screen from the 
discharge apparatus. Hence the air absorbs a much smaller 
fraction of the X rays than of the cathode rays." 

Thus, although the air absorbs little, the illumination dies 
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out very rapidly as the distance is increased, which considerably 
lessens the possible distance. 

In a catalo^e of German apparatus issued in 1896 by a 
hiijfh-class firm, amongst the directions for taking radiograms 
occurs the adN-ice : " The distance of 10 ins. should be considered 
as standard (from mirror to screen or photographic plate) ".^ 
If this distance be increased to 20 ins., using the same appa- 
ratus, the expasm-e required would be four times as great. 
Impix)vements in apparatus hav^e, however, reduced exposures 
considerably since the time when the abov^e statement was 
made. 

Production of Secondary Rays. — A circumstance that 
places a limit on the time during which it is advisable to ex- 
pose a plate, and hence to the distance between tube and plate, 
IS that X rays, or perhaps, cathode rays, when passing thix)ugh 
more or less opaque substances, are apt to produce other 
(secondary) rays, which, seeing that their point of origin is not 
at the anode of the tube, lead to blurring of the image. In* 
short exposures they are negligible, but they always make 
themselves evident when exposures ai-e very long. 

Roentgen has investigated this peculiar phenomenon, and in 
his third communication to the Pi*ussian Academy of Sciences, 
ilescribes experiments on the subject as follows : — 

" If we have a discharge apparatus emitting intense rays, 
and place between it and a fluorescent screen, an opaque plate 
in such a way that the screen is entirely in shadow, we shall 
still observe illumination of the barium platino-cyanide. The 
illumination is still \4sible when the screen is placed directly 
u^raih8t the * p[>aque plate, and one is at first disposed to think that 
the plate is transparent. If, however, the screen, lying against 
the plate, is covered with a thick sheet of glass, the fluorescent 

^Catalogue of Louis Miiller-Unkel. This is the" firm's own translation 
qf Die EntferQung der photographischen Platter oder des Phosphorescenz- 
Schirms, vou dem Platin-reflector, soUte stets ca. 25 cm. betragen. 




Flate VI. — Sarcoma. 



PUB'.^;: I,. 




Ar'r\;, 1/ : ' 


V ' N . 7> 


:[].-.- :■- .- 


L 



i 



RADIOGRAPHY. 



161 



light becomes much weaker, and disappears entirely if, in- 
stead of the glass, we surround the screen with a cylinder of 
lead 1 cm. thick, which is closed at one end by the opaque 
plate, and at the other by the head of the observer. 

" The eflFect just described might be due to the deflection of 
rays of very long wave lengths, or to X rays emitted by bodies 
in the field of the discharge apparatus, such as the air. 

" The latter explanation is the correct one, as may be readily 
shown by the apparatus about to be described. The figure 
(52) represents a thick bell glass, 20 cm. high and 10 cm. 
wide, closed by a thick zinc plate cemented to it At 1 and 2 
are fixed segments of sheet lead slightly larger than half the 
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Fig. 52. — Roentgen's Experiment. 

sectional area of the bell ; X rays which enter the bell through 
the aperture in the zinc plate, covered with celluloid, are pre- 
vented from reaching, in a direct manner, the space above 
segment 2. On the upper side of this lead sheet is fixed a 
barium platino-cyanide screen, which almost fills up the entire 
area of the belL The screen can neither be struck directly 
nor by rays which have undergone a single diffuse reflection 
from any hard substance (the glass walls, for example). Before 
each experiment the bell is filled with air free from dust If 
X rays are allowed to enter the bell, and in such a manner 
that they are intercepted by the lead plate 1, no fluorescence 

is observed on 2 ; only when, after tilting the bell, direct rays 

11 
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reach the space between 1 and 2 does the screen light up on 
the half not covered by the lead plate 2. If the bell is con- 
nected up to an aquatic air-pump, the fluorescence will be 
observed to diminish as the exhaustion proceeds; if air be 
admitted, the fluorescence again increases. 

" Since then, as I found it, the simple contact with air on 
which the rays have just fallen, does not give rise to any 
noticeable fluorescence of the barium platino-cyanide, we con- 
clude, from the experiment just described, that the air, when 
struck by the rays, sends forth rays in all directions. 

" If our eyes were as sensitive to X rays as they are to light 
rays, a discharge tube would appear to us like a light burning 
in a room uniformly filled with tobacco smoke ; perhaps the 
colour of the direct rays would difter from those coming from 
the particles of air. 

"The question whether the rays emitted by the objects 
struck by the rays are the same as the direct ones, or, in other 
words, whether a diffuse reflection or an action resembling 
fluorescence is the cause of these rays, I have not as yet been 
able to decide. It can easily be shown that the rays emitted 
by the air are capable of photographic effects, and their effect 
often shows itself in a manner imwished for by the observer. 
To guard against this, which is often the necessary acconi- 
paniment of long exposures, we must protect the photographic 
plate with a suitable lead screen.'' 

Nature of Subject. — It is evident that when a hand is to 
be radiographed, the tube can be brought fairly near without 
very great distortion ; but in radiographing the thorax of an 
adult, there must be room for the depth of the chest between 
plate and tube, and unless the tube be removed to a consider- 
able distance the distortion will be very great. 

From consideration of all these circumstances, it will be 
seen that no fixed distance can be stated as absolutely the 
^est. Dr. Chisholm Williams stated in a paper read before the 
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Roentgen Society at the beginning of last year (1900), that 
he considered any radiogram practically useless which was 
made with less distance between plate and screen than 18 ins. 
Most workers seem to prefer from 12 to 24 ins., but each case 
must be decided on its own merits. 

Preparing the Tube for Making an Exposure. — The 
influence of heat on the penetrating power of a tube has 
already been discussed. Whether a tube should be used hot 
or cold is a subject concerning which even the ablest operators 
disagree. Mr. A. W. Isenthal, who generally uses the Volt- 
ohm double bulb tube, never heats it, whilst Mr. Wilson Noble, 
an ex-president of the Roentgen Society of London, considers 
that a hard tube which has been softened by heating is more 
efficient than a cold one which has been exhausted so as to be 
soft at the ordinary temperature of the air. 

He says: "I believe that the principal benefit derived is 
that the heat promotes activity amongst the molecules, and it 
is this activity which enables a current to pass and form 
cathode rays, the fons et origo of Roentgen rays. 

" I have come to this conclusion from the fact that if you 
have two tubes working with a spark gap of, say, 3 ins., one 
of which has been warmed down to this resistance, while the 
other works at it normally, you will get a far better result 
with the former tube than with the latter, though the vacuum 
and resistance may, I presume, be considered the same. If this 
is correct, it would seem that anything that will produce 
activity among the molecules, other conditions being equal, is 
an advantage to the tube." ^ 

In any case, heating has this advantage : that tubes which 
have gone hard by continual use can be used hot long after 
their resistance has become too great for the coil ordinarily 
used by the worker. 

' Archivea of the Roentgen Bay, vol. ii., 74. 
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The simplest method is to use a spirit lamp. The tube is 
turned backwards and forwards over the flame until it feels 
fairly hot, then attached to the stand connected with the coil, 
and the exposure made. This, however, is somewhat clumsy, 
and usually the tube cools down during the exposure. 

An improvement on this method is to heat the tube con- 
stantly during exposure. Natiu'ally, no heating apparatus can 
be interposed between the tube and the object to be radio- 
graphed, but it is possible to apply heat to that part of the tube 
behind the cathode. Mr. W. Webster advises the use of a 
spirit lamp with an insulating handle. He gives the following 
practical hints on heating tubes : — 

"The tubes I obtain from Messrs. Newton are always in 
good condition, but for my purposes I still further condition 
them by alternate heating and cooling. . . . Heating the tube 
(luring working saves the platinums of * make and break * of 
the coil. It has happened on several occasions that tubes 
would not condition for days. I therefore put them by for a 
rest of two or thi'ee months, and to my surprise they proved to 
be in good condition when tested. By the term * condition * I 
mean that the tube works with an almost straw-coloiu-ed 
anode, with a white nucleus at the point of bombardment of 
cathode rays, even to a spheroidal condition, due to electrical 
molecular tension on the surface of the anode, without any 
blue or magenta-violet phosphorescence behind the anode. . . . 
In heating the tube, care should be taken not to allow the 
flame to play upon the bulb, but behind the cathode. As the 
tube approaches the desired condition, it will be noticed that 
the rapping of the make and break becomes rapidly modified, 
sometimes producing a musical note. This is specially the case 
when using a 10-in. coil." 

Instead of the spirit lamp, an Argand burner may be used : 
but, as a rule, this will not be found so convenient, the gas 
supply-tube being rather a nuisance. 
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Exposure. — In radiography, as in photography, the greatest 
difficulty to be overcome by the beginner is to determine the 
time of exposure which will give the best results. So many 
factors enter into the determination of this exposure time, 
that it is quite impossible to give any definite rule. Dr. 
Mackintyre has taken radiograms of a frog's leg so rapidly as 
to produce cinematograph effects, whilst Prof. Roentgen has 
radiographed the bullets inside a loaded rifle in twelve minutes, 
and exposures of half an hour have often been given in radio- 
graphing a hip. 

The chief factors to be considered are : — 
Nature of the subject. 
Size and efficiency of the coiL 
Current used in the primary coil. 
Distance of the tube. 

Resistance and general character of the tube. 
These, again, are, to a certain extent, interdependent, as the 
operator will select his tube, arrange the distance between 
tube and plate, and determine the electrical conditions accord- 
ing to the subject. 

Nature of the Subject. — The question is often asked : What 
is transparent and what is opaque to the X rays ? Of course 
there is no definite answer to this question, any more than 
there is to the same question when asked with regard to light. 
Just as thin sheets of gold, silver or platinum are transparent 
to light, and have had such physical constants as their indices 
of refraction determined, so no known substance is opaque to 
X rays. It is, therefore, merely a question of degree. And 
one of the difficulties of the radiographer is to arrange his 
exposures so as to differentiate between different substances, 
all penetrable, but in varying degrees. 

No doubt some easily ascertainable physical or chemical 
quantity will eventually be discovered which determines the 
transparency of a substance, but at present no connection has 
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been definitely formed between X ray transparency and tlie 
other properties of a body. 

Roentgen, without describing any accurate measurement* 
gave a list of substances with which he had experimented, and 
also stated his first idea as to the property which seemed to be 
most intimately connected with opacity, namely, density. 

In par. 2 of his first paper he said : — 

" Paper is transparent, the fluorescent screen still lighted up 
brightly when held behind a bound volume of 1,000 pages ; the 
printer's ink offered no perceptible obstacle. Fluorescence was 
^Iso noted behind two packs of cards ; a few cards held between 
tube and screen made no perceptible difference. A single sheet 
of tinfoil is scarcely noticeable ; only after several layers have 
been laid on top of each other is a shadow clearly visible on 
the screen. Thick blocks of wood are also transparent; fir 
planks from 2 cm. to 3 cm. thick are but slightly opaque. 
A film of aluminum about 15 cm. thick weakens the effect 
considerably, though it does not entirely destroy the fluwes- 
cence. Several centimetres of vulcanised rubber let the rays 
through. Glass plates of the same thickness behave in a 
different way, according as they contain lead (flint glass) or 
not ; the former are much less transparent than the latter. If 
the hand be held between the tube and the screen, the dark 
shadow of the bones is visible within the slight dark shadow 
of the hand. Water, bisulphide of carbon, and various other 
liquids behave in this respect as though they were transparent. 
I was not able to determine whether water was more trans^ 
parent than air. Behind plates of copper, silver, lead, gold,, 
platinum, fluorescence is still clearly visible, but only when 
the plates are not too thick. Platinum 2 mm. thick is trans- 
parent; silver and copper sheets may be decidedly thicker. 
Lead 1*5 mm. is practically opaque, and was, on this 
account, often made use of. A wooden rod of 20 by 20 
mm., cross section, painted with white-lead paint on one 
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aide, behaves in a peculiar manner. When it is interposed 
between apparatus and screen, it has almost no effect when 
the X rays go through the rod parallel to the painted side, 
but it throws a dark shadow if the rays have to traverse 
the paint. Very similar to the metals themselves are their 
salts, whether solid or in solution." 
In par. 3 he continues : — 

" These and other experimental results led to the conclusion 
that the transparency of different substances of the same thick- 
ness is mainly conditioned by their density. No other property 
is in the least comparable with this. The following experi- 
ments, however, show that density is not altogether alone in 
its influence'. I experimented on the transparency of nearly 
the same thickness of glass, aluminium, calcspar and quartz. 
The density of these substances is nearly the same, and yet it 
was quite evident that the spar was decidedly less transparent 
than the other bodies, which were very much like each other 
in their behaviour." 

Many experimenters have since then made comparative 
trials, both radiographic and radioscopic, with many substances, 
and this relationship between density and opacity has been 
borne out to a certain extent, though exceptions, such as that 
of calcspar in the above quotation, have been frequently noted. 
If we turn to the chemical composition, we find that mole- 
cular weight has no relationship with opacity, or else the pro- 
teid matter of flesh would be infinitely more opaque than 
bone; but the atomic weights of the elements contained in each 
substance would seem to be very closely related to opacity. 

Take, for instance, the substances experimented upon by 
Roentgen, omitting for the moment glass, whose compasition 
he does not state. We have as atomic weights : — 



Aluminium 


27 






Calcspar (CaCOg) 


Calcium 40 


Carbon 12 


Oxygen 16 


Quartz (SiOa) 


Silicon 28 




Oxygen 16 
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If the heaviest element should have a preponderating 
influence on the opacity of a body, then we should expect 
aluminium and quartz to have much the same opacity (27 and 
28), whilst calcspar (40) would be far more opaque than either, 
which is exactly the case. 

Glass is so variable in composition that it cannot be readily 
included in the list, but it is stated (p. 166) that a little lead 
will make it very opaque, which, seeing. that the atomic weight 
of lead is 206i, would bear out the connectioa^ 

The influence of the atomic weight of the heaviest element 
in a body is further carried out by Roentgen's statement al- 
ready quoted, that " very similar to the metals themselves are 
their salts, whether solid or in solution ". 

Dr. Swain's experiments on calculi give further evidence 
on this matter. He found that their opacity did not varj^ 
with their density, as is shown in the following table : — 

Specific gravity. Opacity. 

Oxalate of lime. Oxalate of lime. 

Uric acid. Pliosphatic. 

Phosphatic Uric acid. 

Biliary. Biliary. 

The atomic weights of the chief elementary constituents 
may be placed thus : — 

1 This variation in the composition of glass, and its corresponding varia- 
tion in transparency to X rays, is so great that I may note one or two cases 
which have come under my notice. 

Amongst the out-patients of St. George's Hospital, I have been asked to 
radiograph some seven or eight cases where pieces of broken beer bottles were 
supposed to be in the hand or arm, but in no single case was I successful. 

Some years ago I crushed a test tube in my hand, and left several pieces 
in my thumb. Three of these have worked their way out at intervals, but 
one still remains, and can be distinctly felt. I have never been able to see it 
either on the screen or in a radiogram. 

On the other hand, two cases, which I radiographed for the Out-Patient 
Department at St. George's Hospital, showed pieces of glass, which were 
afterwards extracted. One was that of a boy who had run a pipette into his 
hand and broken it, and the other was a woman, who had broken a piece of 
plate glass (window). 
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Oxalate of lime - Calcium, 40 ; carbon, 12 ; oxygen, 16. 

Phosphatic - Calcium, 40 ; phosphorus, 31 ; oxygen, 16. 

Uric acid - - Oxygen, 16 ; nitrogen, 14 ; carbon, 12 ; hydrogen, 1. 

Biliary - - Oxygen, 16; nitrogen, 14; carbon, 12; hydrogen, 1. 

Whatever relationship may be eventually discovered be- 
tween the opacity and other properties of a body, we may, for 
the present, take the two mentioned above as an approximate 
guide. In surgical work there is not much variety of sub- 
stance to be dealt with, so far as opacity is concerned. 

Bone is the most opaque substance in the human body, and 
the depth of the bone shadow shown on a plate, other condi- 
tions being equal, will depend on the quantity of bone which 
has come between the source of rays and the plate. Thus 
cancellous tissue will not give as deep a shadow as compact 
bone. This is difficult to show by means of process blocks* 
but can readily be seen by examining a good print of the 
skiagram of a shoulder, or, better still, a pair of stereoscopic 
prints, when the difference between the shadows, thrown by 
the shaft and the head of the humerus, will be at once noticed. 
It is also shown in the radiogram of a sarcoma shown in Plate 
VI. 

Next to bone comes callus. Its transparency seems to 
depend on the quantity of salts which it contains. Newly 
formed bone is often so transparent as to be indistinguishable 
from the surrounding tissue. Intermediate stages may be 
seen in Plate VII., showing a six- weeks' -old injury, and 
Plate VIII., which shows an injury some years old. 

The soft parts of the body also vary considerably in opacity, 
which seems to depend on three conditions — density, saline 
contents, blood contents. 

Blood is comparatively opaque. An examination of Plate 
IX. shows a distinct heart shadow. 

The lungs are particularly transparent, because of the small 
amount of tissue compared to their thickness. The liver and 
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stomach, on the other hand, are very opaque — so opaque, in 
fact, as to render it almost impossible to find such semi-trans- 
parent objects as biliary concretions, gall-stones, or stercoliths 
by means of the X rays. 

The opacity of the abdomen is increased by the contents of 
the intestines, so that skiagrams of the lumbar vertebrae or of 
the bones of the pelvis are always lacking in contrast, though 
sufficiently good results may be obtained to be helpful to the 
surgeon, as in the congenital dislocation shown in the frontis- 
piece. Muscles are more opaque when tense than when 
relaxed. Plethoric patients are more opaque, and therefore 
require longer exposures than anaemic ones. In like manner, 
males require longer exposures than females. 

A peculiar eflFect was mentioned by Major Beevor at a dis- 
cussion on " The Radiography of Soft Tissues," by the London 
Roentgen Society. The account of his speech is taken from 
the Archives of the Roentgen Ray, vol. iii., p. 99: — 

" Major Beevor, R.A.M.C., said, with reference to some cases 
in the recent Frontier War in India, that when a man had been 
undergoing great exertion, and was brought in wounded and 
perspiring, the penetration of the rays was very much delayed. 
He recollected two cases where men were wounded in the thigh, 
one by a fragment of telegraph wire and the other by a soft 
bullet. The muscles seemed to be so opaque to the rays that it 
was difficult to obtain any radiograph at the time. The man 
wounded by the fragment of telegraph wire had had a hard 
hand-to-hand fight with the enemy, and in this case he was 
not able to localise the piece of wire immediately, even when 
using a 10-in. spark. A day or two afterwards a radiograph 
was obtained, showing a fracture of the femur, and a large 
splinter of bone torn from one side." 

It need hardly be said that thick parts need longer ex- 
posures as a rule than thin ones. Vandeveyer states that, 
the necessary exposures for bodies or limbs vary about as 




Plate VIII.— Old Fracture of Tibia and Fibula Badly Set. 
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the cube of the thickness, other conditions being equal. Other 
observers have given different formulae for calculating the 
exposure, some even going so far as to suggei^t the making 
of a few trial exposures on some thin part, such as the hand, 
and using the time which gives the best result as a factor 
from which to work out the necessary exposure for any other 
part of the body. 

Formulae are, however, of very little use as yet, and no 
English workers seem to employ them. Each case is judged 
on its merits, giving long exposures to muscular or plethoric 
patients, and short ones to delicate or anaemic subjects. 

As a radiographer is often called upon to make a radiogram 
of some injury where it is undesirable to remove the dressing 
or splints, a word or two about the different substances and 
tissues used in dressings is necessary. 

The wood of a splint should offer no difficulties ; its only 
effect is to remove the injured part to a certain extent from 
the plate, and hence to slightly blur the image ; but, as a rule, 
it casts no confusing shadow of its own. Plate X., however, 
^ows a curious effect caused by the wood and iron of a hinged 
splint. 

A silicate does not offer great resistance to the raysj so that 
a radiogram may readily be taken of an injury which is put 
up in this manner. 

Ordinary plaster or strapping is very annoying and opaque. 
Plate v., of a fractured patella, shows the effect produced by 
this substance, which, it must be remembered, contains lead. 

Small quantities of boracic acid do not greatly interfere 
with the rays, but iodoform is very opaque. Even iodoform 
gauze has a definite effect on the shadow. Mercurial prepara- 
tions, such as cyanide gauze, are also somewhat opaque. 

Finally, the operator must, of course, expect to find shadows 
of pins on his plate. 

Size and Efficiency of the Coil. — After having purchased 
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an installation, this factor, in determining exposure, will remain 
a fixed quantity, so that the best way of expressing the elec- 
trical conditions is either by the length of spark used or by 
the amperage and voltage of the current passing through the 
primary coil. The latter needs no comment, as it is readily 
measured by suitable instruments — ammeter and voltmeter — 
but the spark needs some little attention. 

Discharge rods of a coil are made in various forms. In 
most cases they terminate with points, whilst in some cases 
one carries a sharp point, whilst the other carries a disc or a 
baU. 

In the Apps and Apps-Newton coils, both rods bear points, 
but the heads of the pillars wliich support the rods are 
spherical pieces of brass. 

The spark passes most easily when the positive terminal is 
a point and the negative a disc or sphere. An instructive 
experiment may be performed with an Apps coil, bearing out 
this dependence of the length of spark on the shape of the 
terminals between which it passes. 

Slide in the right-hand discharge rod as far as it will go, and 
turn it round so that the rod lies at right angles to the line 
joining the two pillars. Next, adjust the left-hand rod so that 
the distance between its point and the spherical head of the 
right-hand pillar is about half the nominal spark-length of the 
coil. Turn the commutator handle outwards so as to make 
the point the positive pole, and screw up the tension until a 
spark passes readily. 

On reversing the current by means of the commutator, it 
^^ ill be found that no spark will pass, and the tension will 
liavti to be very greatly increased before any spark is seen. 

Unfortunately, in X ray literature spark lengths are often 
\^ ritte?! ilown without any information as to the shape of the 
tiu-iniiiitlh between which a spark passes. In a paper read 
bc4VH 1' thtj Roentgen Society in March of this year, on the ab- 
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sorbability of various rays, Mr. Gardner explained that he used 
spherical ends to both his discharge rods when measuring 
the spark. 

To make the spark length a reliable measurement, it would 
be necessary not only to state the exact shape and size of the 
terminals, but also the condition of the air through which 
the spark passed, such as temperature, pressm-e and humi- 
dity. 

Again, sparks vary considerably in appearance. The spark 
from a good coil passes with a sharp snap, which is supposed 
to denote perfect insulation within the coil ; such a spark is 
much more effective radiographically than a less snappy one. 
For screen work, a steady discharge is necessary ; but for 
radiography /uZZ sparks at short intervals are more effective. 

By full or fat sparks is meant sparks caused by com- 
paratively large quantities of electricity. To illustrate the 
difierent forms of spark, any good coil may be used. First, 
it should be adjusted so that the maximum length of spark 
is obtained. The current is turned ofi* and the discharge rods 
arranged so that the spark gap is only half what it was before. 
Without altering the tensions, the cm-rent is tm-ned on again. 
It will be seen that the spark is now thick, or rather, the 
spark itself is much as before, but siu-rounded by a glow 
which gives it the appearance of being one or two millimetres 
in diameter. 

If the current be now tm-ned off, and the rods brought 
80 that their points are only | in. apart, and then, still 
without altering the tensions, the current be re-established, 
the snappy nature of the spark will have vanished, and the 
central spark will be surrounded by a thick glow, which is 
in reality a flame. This may be shown by blowing gently 
down upon it. The flame will then separate itself from the 
spark and form an irregular wavering arch across the ter- 
minals. 
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At the high temperature of the spark, the nitrogen of the 
air combines with oxygen, forming the flame, and producing 
quantities of oxides of nitrogen. This probably accounts 
partly for the smell given off under such conditions, and 
which is often put down entirely to ozone. 

A piece of paper held in this flame will quickly catch fire. 

Sparks thus vary in many ways, so that all tables of 
exposures in which the spark length is given without any 
further explanation, must only be accepted tentatively. A 
few failures must be expected at first, but acquaintance with 
a coil will soon enable an operator to use it to the best 
advantage in certain easy cases, and tables of exposures will 
then enable him to form an idea of what may be done in 
other cases. 

Current Used in the Primary Coil. — The two measuring 
instruments usually attached to the circuit (ammeter and 
voltmeter) have already been described (page 39). The volt- 
meter may be practically ignored as a help to judging 
exposures. Its special use is to record the state of the 
batteries. The ammeter is by some used as the principal 
gauge by which to judge. Perhaps it would be more accurate 
to say that it is used to regulate exposures. If the electrical 
conditions under which an exposure is made can be repeated 
at will, then the only cause of variation in time will be the 
nature of the subject, and the ammeter is the best means 
of ensuring this accurate repetition. 

Condition of the Tube. — In the chapter on "Tubes" it was 
stated that there is considerable discrepancy between the action 
of different kinds of rays on a fluorescent screen and their action 
on a photographic plate, a hard tube not acting on the plate so 
rapidly as a softer one. 

The easiest kind of tube to take radiograms with is always 
the softest that will readily penetrate the part under examina- 
tion, as scarcely any rays will penetrate the bones, therefore. 
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a fairly sharp negative may be produced with great latitude 
of exposure. 

Nevertheless, expert workers generally use much harder 
tubes, and yet get very beautiful results. 

If a. hand be examined with a soft tube and a screen, a good 
black shadow is seen of the bones, strongly contrasted with 
the faint shadow of the flesh. A hard tube will give a poor, 
faint shadow of the bones, with a very flat appearance, though 
the whole screen will fluoresce more brightly than it did under 
the rays from the soft tube. 

If the plate behaved similarly to the screen, it would be 
impossible to produce a good black and white negative with 
the hard tube, but, as a matter of fact, an accurate exposure 
with the hard tube gives a picture, not only as sharp as that 
given by the soft tube, but much fuller of detail. Moreover, 
the exposure required will have been much less. 

To explain this action, we must refer to sOme of Roentgen's 
later work, in which he found that the more opaque class of 
substances not only stopped a large part of the rays falling on 
them, but also exercised a selective action, stopping the more 
photographically active rays more readily than those which 
have less activity. 

Thus the rays starting from a fairly active tube are of 
various degrees of penetrative power and of photographic 
activity. On striking a hand they all pass through the flesh 
with little diminution, but as the penetrative ones pass through 
the bone the photographic ones are absorbed. 

A screen would show the effect of the great penetration, 
and give a weak, flat shadow. The plate, on the other hand, 
is instantly acted upon by the intensity of the rays passing 
merely through air or flesh, but it will be some time before 
the cumulative action of the rays, which have lost so much of 
their photographic activity in the bone, will act on the plate. 

An ideal exposure with a hard tube will act on all those 
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parts of the plate exposed to direct rays, or rays that have 
merely passed through the flesh, and will just have begun to 
act on those parts which have received the rays filtered through 
bone. In this way both outline and structural details of the 
bone are shown. 

The effect of using a hard tube is then to lessen the time 
of exposure, and at the same time to reduce latitude, so that 
although the best kind of work may be done by their help, 
they are the most difficult to manage. 

When using a soft tube to photograph parts which it is 
able to penetrate, comparative long exposures are necessary, 
but much more latitude is allowable, and fewer plates will 
be spoiled. 

In selecting a tube, it is best to try each one for yourself 
on a coil ; as the alternative spark gaps marked on the outside 
of the tube are usually wrong. Indeed, they are so likely to 
vary whilst in stock that it is quite impossible for the dealer 
to say, without a definite trial, what the resistance of a tube 
may be. 

General Suggestions for Exposures.— From all that has 
been said so far concerning the conditions governing exposures, 
it will be seen that no definite rules can be laid down ; but if 
a beginner start with the times suggested below, he will soon 
become sufficiently expert to judge exposures for himself. 

To photograph a hand on a very rapid plate, the following 
exposures have been recorded : — 

With a 20-in. coil and a mercury break, one flash (one 
make and break) will give the outline of the bones ; 20 flashes 
will give an excellent radiogram. 

I have taken skiagrams of hands with a small coil only 
giving a 4-in. spark, and although they received 5 minutes 
exposure with the tube at a distance of 14 ins., they were 
distinctly underexposed. 

The hand in Plate I. was taken with an Apps 10-in. coil, 
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working at about 7 -in. spark, the tube being at a distance 
of 18 ins. from the plate, and exposure lasted 40 seconds. 

Generally speaking, with the coils mostly in use, that is, 
6-in. to 10-in'., exposures of from 20 seconds to a minute, ac- 
cording to circumstances, may be used. 

An arm requires from 1 minute in a child to 4 minutes in 
an average-sized man, and a leg, below the knee, will require 
about the same. 

The thorax of a child may be taken in 2 minutes, and 
that of an adult in 4 or 5. The thorax shown on Plate IX. was 
of a child three years old, and took 1 minute. 

The upper par^) of the leg will require from 2 minutes in 
a child to 5 or 6 in a man. The head and neck will require 
about the same. The abdomen and pelvis are the most diffi- 
cult of all to radiograph, and all sorts of exposures, varying 
from 4 to 30 minutes, have been recommended. 

Excellent work has been done with a 6-in. coil at a distance 
of 15 ins. in 10 minutes. 

The radiogram of a congenital dislocation (Frontispiece) 
received an ^exposure of 2^ minutes, using a 12-in. spark. 

Dr. Lewis Jones gives the following advice as to exposures 
with a 12-in. coil : — 

" For the hand and wrist, 15 to 30 seconds ; forearm, upper- 
arm and elbow, 1 or 2 minutes; shoulder and thorax, 3 to 
5 minutes ; knee and thigh, the same ; pelvis and abdomen, 
up to 6 minutes. . . . The larger the coil the quicker may 
be the exposure, but, in addition, the sharper would be the 
picture." 

A beginner will get the best results by using a compara- 
tively soft tube and giving longer exposures, as in this way a 
fairly good result may be relied on, excepting in the case of 
the thicker parts of the body. When the use of soft tubes 
is mastered, harder ones should be tried. Rather more diffi- 
culty will be found in hitting the correct exposure, but facility 
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will come with practice, and more detailed results will be 
obtained than was possible with the tubes of lower penetra- 
tion. 

Expert photographers often say that radiographers over- 
expose most of their plates. This may be so, but it is better 
to slightly over- than to under-expose. On development an 
over-exposed plate is apt to be thin and flat, with no contrasts, 
but it is not useless. An under-exposed plate will often give 
good contrasts, but the density is quite in the wrong place. 
Those parts of the plate which have not been covered by the 
subject will gain in density as development proceeds, but the 
bones will not appear at all, and the result will be merely a 
shadow of the limb, such as would be shown by a candle, 
and will be of no value whatsoever. 

Position of the Patient, — There was a suggestion some 
time ago that a committee of the London Roentgen Society 
should draw up a set of directions as to the best position for 
taking various parts of the human subject. If this were 
done, and the instructions carefully adhered to in all cases, 
skiagrams would be strictly comparable one with the other. 
Surgeons would soon become accustomed to the point of view 
which would enable them readily to diagnose injm-ies or re- 
cognise a correct position. 

However, as Mr. Davidson has pointed out, special positions 
are quite unnecessary when making stereoscopic skiagrams. 
No matter how great the distortion may be on each single 
print, a glance at the pair, arranged in a Wheatstone's stereo- 
scope, will at once reveal the relation between the different 
parts. Indeed, injuries to complicated joints, as the elbow, 
shoulder, hip and ankle, can in many cases only be fully 
revealed by stereoscopic radiography. 

In the absence, however, of either a hard and fast universal 

method, or a complete stereoscopic apparatus, the best rule that 

^ be given is to always, if possible, make a screen examina- 
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tion ; this will find the best relative positions in which to place 
plate, patient and tube. 

When radiograms of the body are to be taken, the move- 
ments caused by breathing are apt to give confused shadows 
on the plate. A patient lying on his front generally, gives 
clearer pictures than one lying on his back. 

A method, which has been used to radiograph patients 
for renal calculi, is to lay the patient on his back, instruct 
him to take a deep breath, then turn on the current. When 
the patient has held his breath as long as possible, he must 
make a signal with his hand, the current is then turned off. 
He breathes once or twice, then indates his lungs agaip, and 
a further exposure is made. Thus the whole of the exposure 
is made in the same phase of the respiration. 

An automatic apparatus is sometimes used, which consists 
of a lever, one end of which is fixed to the front of the 
patient's chest, whilst the other end is connected with a 
mercury switch. Each time the lungs are inflated contact 
is made, and the coil works. At expiration the coil is not 
working. 

Development. — Radiograms taken with a very small coil, 
and a soft tube, present very little difficulty in development, 
but those taken with a hard tube do not readily give good 
density. That is to say, the negatives prepared from plates 
exposed to a powerful apparatus are apt to be thin and lacking 
in contrast. In development, therefore, considerable care must 
be taken to counteract these difficulties as far as possible. 

One of the chief differences between the various brands, 
and even between different batches of the same brand of 
plates, consists in the hardness or softness of the emulsion 
with which they are coated. A soft emulsion, when placed 
in the developer, swells up rapidly, and quickly becomes 
saturated with the developer. A hard emulsion is difficult 
to saturate, as the gelatine is slow in swelling. The con- 
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sequence in that the developer only acts on the surface of 
a hard emulsion, and brings out the thinnest kind of image. 

In ordinary photography, as is well known, there are 
circumstances under which the tendency is to produce a 
negative of greater density than is desirable, in which case 
hardness in the film is not so objectionable ; but in the main 
a soft emulsion is best. For X ray work it is a necessity. 

The best method for ensuring density is to soak the plate 
well in water before pouring on the developer. 

Having chosen a dish of suitable size, and mixed the 
requisite quantity of developer, the dish is filled nearly full 
of water, and the plate gently immersed. The dish is then 
rocked rather violently, holding it the while over a sink. 
This will detach all air bubbles from the surface of the plate. 
Some workers prefer to keep a wide soft brush to sweep 
over the surface of the plate while under water. 

When it is seen to be quite free from adhering air bubbles^ 
the dish is covered up with a piece of card, and left for one 
or two minutes, by the end of which time the film will have 
begun to soften. 

The water is now poured off, and the developer poured 
over the plate with an even sweep. Considerable dexterity 
is required to do this with a large plate. Seeing the great 
value of the plate in comparison with that of the developer, 
it is best always to use plenty of the latter. 

The image will now gradually appear, and development 
must be continued until of sufficient density. 

Only experience will enable the radiographer to judge 
when development has proceeded sufficiently; moreover, the 
superficial appearance of the plate will vary according to 
the kind of developer which is used. 

Usually every box of plates contains instructions both 
for making up the developer and for development ; and the 
best results with those particular plates will be obtained by 
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using the developer recommended. Often a few words are 
appended to the development formula mentioning its peculi- 
arities. Thus it is said of a developer which is very 
fashionable at present, viz,, metol and hydroquinone, that 
*' the details will soon appear, and will rapidly gain in 
density ". This hint should be acted upon. The details will 
appear, and the inexperienced operator will be tempted to 
remove the plate. It should be left to gather density which, 
in most plates, can be seen by looking at the back. As soon 
as the details are visible at the back of the plate, the density 
will be suflBcient. 

Pyrogallic acid developers do not bring up the details so 
rapidly, but give a full density by the time that the details 
are fully out. There is a considerable prejudice against this 
class of developer on account of the way it stains both fingers 
and plate. The fact nevertheless remains that nothing else 
^ives quite such good results. 

Another circumstance which affects density is the relative 
proportions of the different parts of the developer. 

All alkaline developers consist of three parts : — 

(a) A reducing agent — pyrogallic acid, hydroquinone, metol, 
glycine, etc. This actually does the work of blackening the 
plate, or reducing the silver bromide to finely divided silver. 
Its quantity may be varied almost to any extent so long as 
there is sufficient in the solution. 

(b) A hastener — sodium or potassium carbonate or ammonia. 
The more of this and the more rapid will be the development. 
The quantity given in the instructions enclosed in the box of 
plates should be very closely followed. 

(c) A restrainer — an alkaline bromide, which slows down 
the rate of development. 

Good density may be obtained by using (a) lavishly, and 
ileveloping slowly, either by using smaller quantities of (b) or 
increasing the (quantity of (c). 
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Many expert workers object to restrainers, and only use 
them in special cases. 

After a n^ative has been developed, it is fixed by soaking 
in a strong solution of hyposulphite of soda, or " hypo," as it is 
commonly called, which dissolves out all the unreduced silver 
bromide. Before fixing, however, it should be soaked for 
about a minute in a solution of alum. This has a tanning 
action on the gelatine of the emulsion, rendering it hard and 
less liable to peel off* the plate. Further, a negative which has 
been treated with alum dries more quickly than a soft-filmed 
plate which has not been so treated. 

The negative, after the alum bath and the fixing bath, is 
well washed and allowed to dry. 

Examining a Negative. — Even when the greatest care is 
exercised both in exposiu-e and development, negatives will 
sometimes be obtained in which the contrasts are very slight. 
This is especially the case in radiographing the abdomen. By 
holding the negative up to the light very little is to be seen on 
such negatives. More detail will be found by looking through 
the negative at a well-illuminated white surface ; but the best 
method is to spread a piece of white glazed paper on a table, 
and lay the negative film side down on the paper. In a strong 
light many details will now be seen which would escape detec- 
tion when using another method. The same effect may be 
obtained by placing the negative in a printing frame, spreading 
the white glazed paper over it as though it were printing paper, 
and fixing on the back. The whole is now portable, and may 
be examined in a strong light. 

It is as well to remember that in looking at a negative in 
this manner, i.e,, looking at the film through the glass , all the 
parts will appear as in a print. The effect will be as though we 
looked directly at the part against which the plate was applied. 

When the negative film is viewed directly, the image is 
reversed, and the effect is as though the part of the body which 
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has been radiographed were viewed from the position in which 
the focus tube was working. 

Printing. — Here, again, as in the case of development, in- 
structions may be obtained from any manual of photography, 
so that no detailed description is necessary. Some processes 
are, however, better adapted to X ray work than others. 

It often happens that a well-prepared print will reveal 
details which have not been seen in the negative. 

No kind of rough or matt-surfaced paper should be used, as 
the object of printing is not to make an artistic picture, but to 
discover every detail of the negative which is possible. This 
can only be done on a well-glazed paper. 

The gelatino-chloride, or printing-out papers, give the best 
results ; and the printing should be done as slowly as possible. 

The negative should be placed in the frame in the usual 
way, the printing-paper placed over it, then one or two thick- 
nesses of blotting-paper, and lastly, the back. The blotting- 
paper acts as a cushion, and presses the printing-paper closely 
against the film. The actual printing should be carried out in 
good diffused light, and never in sunlight. 

The so-called "special papers," whose object is to soften the 
results obtained from harsh negatives, are to be avoided. 

In many cases it is convenient to have some means of pre- 
paring a print very rapidly. A developing paper must then 
be used. Either Nikko or Glossy Velox give good results if the 
instructions on the packets be carefully carried out. 

If such prints are to be made frequently, a special set of 
dishes must be kept exclusively for the work, as absolute 
cleanliness is essential. 

Localisation. — In the chapter on " Radioscopy " an account 
has been given of vainous methods by which foreign bodies 
may be exactly locaUsed. Payne's method is only adap^d for 
screen work, and the same may be said of Remy's method so 
far as it is described on page 149. It can, however, be adapted 
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to radiographic methods by using a special dark slide held in 
position over the patient by means of a clip. 

Davidson s method, which involves the use of rather heav}- 
apparatus, is described on page 125. 

Barren's Method of Localisation. — There are often cases 
in which a foreign body must be localised in some deep part 
of the body, and in which the screen methods are useless. 
Here Davidson's apparatus gives good results, but those who 
do not passess a special locaUser will find that they can obtain 
results just as accurate by using a simple but scholarly method 
invented by Prof. BarrelL 

His origitial idea was to find some workmanUke way of 
adjusting the focal point of the tube over a given point on 
the plate. He says: " In all existing methods of localising, tlie 
position of those points (the points on the plate perpendicularly 
beneath the focus) is ascertained by the use of a plumb-line, 
and in order to secure any accuracy in the results, the plate 
must be levelled before the skiagrams are taken ; the use of 
plumb-lines is at all times 'fiddling' and annojdng, and is 
specially so when the point from which the plumb-line ought 
to be suspended is an invisible 'focus' situated somewhere 
on the anode plate in the middle of a glass bulb ".^ 

The only apparatus used by Barrell is a pair of metal 
cylinders 4 ins. long by 1 in. in diameter. 

These are placed upright on the plate in such a position 
as not to interfere with the patient. When patient, plate and 
cylinders are in position the tube is adjusted, preferably over 
a part of the plate some distance from the cylinders, the 
distance from focus to plate measured with a tape and an 
expo3ure made. 

The tube is next moved horizontally to some position 8 
or 10 ins. from its original one, and a fresh exposure given. 

^ Archives of th^ Roentgen Hay, iv., p. 99. 




Plate XI. — BarrelFs Method of Localisation. 
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On development and printing, the radiogram will have some 
such appearance as is shown in Plate XI. A and B are the 
shadows of the cylinders thrown by the first exposure. 

If Hnes be ruled down the sides of these shadows, they 
all meet at M, which is -the point on the plate which was 
directly beneath the tube-focus in its first position. 

In the same way C and D are the shadows cast by the 
cylinders when the tube was in its second position. By re- 
peating the process of ruling Unes, we find M^ the point on 
the plate which came perpendicularly below the focus, after 
the tube had been moved to its second position. 

Turning our attention now to the shadows of the pin, S 
and S\ we have on,ly to rule lines from S to M^ and from S^ 
to M \ and the point N where these two Unes cross will be 
the point on the plate which was perpendicularly beneath the 
actual head of the pin when the radiogram was being taken. 

The next step is to calculate the distance between the 
point thus revealed on the plate and the shot. This is cal- 
culated by the formula already given (page 145), viz. : — 

_ dh 

Where x is the distance between the shot and the plate 
if is the displacement of the shadow of the shot S to S^ ; Z is 
the displacement of the tube M to M^ ; h is the distance between 
the plate and the focus of the tube which was measured with 
a tape before exposure was made. 



CHAPTER IV. 

X RAYS IN DENTISTRY. 

The usefulness of X rays to the dental surgeon depends on 
the fact that the teeth are very much more opaque to the 
rays than the osseous tissue in which they are embedded. A 
certain amount of information may be obtained by taking a 
radiogram right through the jaw, laying the patient with one 
side of his face on the plate. In this case, however, the faint 
shadows of the teeth on the opposite side will somewhat con- 
fuse the general appearance of the resulting picture. 

The method always used nowadays for radiographing 
teeth is to place a film, suitably protected, inside the patient's 
mouth. Only one or two teeth can be shown at a time, but 
many details may be obtained which are impossible with larger 
plates. One of the first to take radiograms with a film in the 
mouth was Mr. Frank Harrison.^ 

In two papers read before the Odontological Society in 
April of this year (1900), by Mr. George J. Goldie and Mr. 
William S. Haughton respectively, a very complete account 
was given of a long series of experiments on the subject of 
dental radiography, ** Nature of the Problems which maybe 
Solved by X Rays*'. Mr. Goldie gives the following list of 
conditions in which he has used the X rays : — 

(1) Fracture of the jaw. 

(2) Fracture and dislocation of teeth in the jaw. 

^ Joicrtml of the British Dental Association^ Sept., 1896. 
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(3) The diagnosis of inflammation round the roots of teeth 

— alveolar abscess — circumscribed and diffuse. 

(4) The diagnosis of inflammation giving rise to sjonptoms 

remote from the seat of lesion, as neuralgia, etc. 

(5) The diagnosis of impacted and incoming wisdom 

teeth. 

(6) The normal eruption of the permanent teeth. 

(7) Abnormal eruption of the same. 

(8) The absence or presence of any given tooth in the body 

of the jaw when its eruption has been abnormally 
delayed. 

(9) The progress of regulation of the teeth. 

(10) Exostosis. 

(11) Many purely clinical uses of X rays. 

(12) Foreign bodies in the antrum of Highmore. 

Films. —It is obvious that a film presents many advantages 
in the peculiar kind of radiography. Being thinner than a 
plate, it may be wrapped up in its envelope so as to form a 
very small parcel ; moreover, its flexibility is a decided ad- 
vantage. The amount of distortion obtained in ordinary work 
on a bent film is very considerable ; but when an observation 
has to be made of so small an object as a single tooth, a certain 
amount of care in arranging the position of patient and tube 
will readily overcome this difiiculty. 

Any rapid film will give good results. I have been in the 
habit of using Austin- Edwards' snapshot films, but it is said 
that the cristoid films made by the Sandell Co. offer great 
advantages, especially in latitude of exposure. They are 
doubly coated with emulsion, one coat being rapid and the 
other slow, the object of this being to obtain a more complete 
absorption of the radiant energy of the tube. 

A special film is also made in which both sides are coated 
with emulsion. This absorbs more of the radiant energy than 
a single film, and, seeing that both films are in the developer 
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at the sauie time, the total density of the resulting negative is 
much greater than with a single film, however thick. 

In dental work, however, there is no diflSculty in getting 
good density. The depth of tissue to be penetrated is so 
small that very little diftusion takes place, and hence definition 
is usually good, and there is little tendency on the part of 
the film towards fog. 

Small films are very cheap, so that it is best to buy them 
of the ordinary quarter plate size, 3 J x 4^ ins., and cut them 
up with a pair of scissors. A quarter plate cut up into 
eight pieces makes a fairly convenient size, but a piece not 
(|uite so long (IJ ins.), is rather more manageable, and will 
in most cases be found large enough. 

Envelopes. — The small films must be packed in light-tight 
envelopes similar to those used for the larger sizes of plates 
and films. These are best home-made, using paper cut from 
large yellow and black envelopes. Next comes the difiicult^^ 
of protecting film and envelopes from the moisture of the 
saliva. Dr. Haughton's experiments on this subject are ver^^ 
interesting. He says : — 

"The next difiiculty was to render the film enclosed in 
its light-proof bags safe from the moisture of the saliva. 
This was easily done by using some form of india-rubber 
tissue. But here we were met by a new obstacle, because 
almost all samples of rubber are more or less opaque to the 
X rays owing to the sulphur used in its manufacture. 

" The first material used was ordinary white mackintosh . 
tissue ; this proved very opaque. Next india-rubber thumb- 
stalls ; the first lot used were satisfactory, but not so later 
batches. I next tried that fine sample of rubber used by 
dentists as a rubber-dam for the mouth. But this proved 
more opaque than anything previously used. Celluloid was 
also suggested, but the difficulties of ensuring waterproof 
sealing along the edges of the bag was very great. So finally 
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a long correspondence with rubber manufacturers ended in 
getting a special bag made of almost pure rubber, which does 
not present very great opacity." 

In the absence of these envelopes, the advice of Dr. Walsh ^ 
may be taken, viz., to wrap up the film and paper envelopes 
in thin sheet rubber, and secure it by a few turns of sewing 
cotton. It must be remembered that sheet india-rubber often 
contains many substances besides caoutchouc and sulphm\ 
The white varieties often contain china clay and sulphide of 
zinc, and the brown varieties, sulphide of antimony. I have 
used the semi-transparent dark-coloured sheet which is generally 
used for making the cases of pocket batteries, which contains 
nothing but vulcanised rubber, i.e., rubber and sulphur. 

In some cases this protective covering will be found un- 
necessary, as, for instance, in radiographing maxilliary incisors 
and canines, when the film can be held in position during the 
exposure without the envelope getting wet enough to have 
any effect on the emulsion. 

Position of Film and Tube. — To c^uote again from Dr. 
Haughton's paper: — » 

" The anatomy of the mouth, more particularly in the 
relations of the roots of every individual tooth to the inner 
surface of maxilla or mandible, require a good deal of attention 
in order to be able so to place the film as to catch the shadow 
of the roots under examination without superposing on their 
shadow that of a neighbouring root. The curvature of the 
palatine surface of the maxilla, where the alveolus rounds ofi' 
into the hard palate, is very difficult to negotiate, and usually 
results in a compromise : namely, if the general curvature of 
the film when moulded to the alveolus curve be roughly 
estimated as making an angle of 45^ with the axis of the root, 
then to maintain perpendicular incidence of the rays on tlie 

^ TJie Roentgen Rays in Medical Wink. 
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film they must be passed through the cheek at an angle 
of 45^ 

" A clamp to hold the film steady was very desirable. But 
amongst all the forms of mechanical clamps suggested I hav^e 
found none answer so well as the finger of a skilled and steady 
assistant holding the film against maxilla or mandible, and the 
other hand making counter pressure outside. 

" The head is best controlled at rest in the ordinary head- 
rest of a dental chair. The eyes being fixed on a suitable point 
in the line of vision helps towards the same end, while the 
assistant's outer hand completes the fixation of the head as 
far as possible. 

"The distance from tube to film is given as from 8 to 10 ins." 

An alternative method, which has been found satisfactory 
is to let the patient lie on an ordinary couch with his head 
thrown well back on a soft pillow. The film and tube are 
then placed in the positions recommended by Dr. Haughton, 
and it will be found fairly easy to hold the patient steady 
during exposiu*e. 

Exposure. — A somewhat hard tube may be used so that 
the bone of the jaw may be easily penetrated. Dr. Haughton 
gives exposures from 90 seconds to 2 minutes with an 8-in. 
Apps coil. If, however, a 10 or 12-in. coil be used, the ex- 
posure will be considerably shortened. I have been accustomed 
to use a 10-in. coil with a tube which gave an alternative 
spark of 4 ins. My exposures have varied from 20 to 40 
seconds. 

Screen Work. — Teeth are not at all easy objects to see 
with the fluorescent screen, though it is possible that by using 
hard tubes and Davidson's stereoscopic screen something might 
be done. 

At present there are two methods adopted for making 
screen examinations of the teeth. KoUe's " dentiaskiascope " 
is an aluminium tube, at the end of which is a mirror in- 
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clined at an angle of 45° with the axis of the tube. On the 
side of the tube facing the mirror is a fluorescent screen. Any 
shadows shown on this screen may be seen, after reflection, in 
the mirror. 

The other method is to use a small screen made with a 
handle like a dentist's mirror. The screen is backed with 
ebonite, and the fluorescent surface covered with transparent 
celluloid. The screen is held inside the mouth with the fluores- 
cent material facing the teeth. The work is carried out in a 
dark-room, and the shadows of the teeth may be seen with fair 
distinctness. 

Neither of these methods gives such satisfactory results as 
the photographic film. 



r 



CHAPTER V. 

X RAYS IN CHEMISTRY. 

Under this heading it is intended to group together several 
uses for the X rays which have been employed in scientific 
work, and which will probably become more widespread as 
they are better understood. 

Metallurgy. — Perhaps the most important metallurgical 
work which has been carried out by means of the X rays has 
been in the investigation of the structure of alloys. 

In October, 1898, Messrs. C. T. Haycock and F. H. Neville 
read a paper before the Chemical Society describing the struc- 
ture of the alloys formed by gold, silver and copper with 
sodium and aluminium. Their object was to show that when 
alloys were allowed to solidify slowly, they went through a 
series of changes very similar to those which took place when 
aqueous solutions of various concentrations were slowlj^ cooled 
down below the freezing-point. 

In this place we are only concerned with the practical 
details of their X ray work. Those who may be interested in 
their results are referred to the original paper in the Journal 
of the Chemical Society (October, 1898, p. 714), where some 
beautifully reproduced radiograms will be found. 

Their method of procedure is described as follows: "The 
alloys were usually allowed to cool and solidify in cylin- 
(Wcal crucibles, the solid cylinders thus obtained being nearly 
1 in. in diameter, and from 2 to 4 ins. long. Vertical and 
horizontal sections of these cylinders were cut, and, when 
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possible, turned down to a thickness of less than a millimetre 
and polished. These sections were laid on an Ilford plate 
enclosed in a light-tight envelope, and exposed to the Roentgen 
rays for periods varying from five minutes to an hour." 

The easily oxidisable alloys, such as those containing 
sodium, were treated in a slightly different manner. After 
giving details as to the preparation of the alloy and the cutting 
of the sections, the authors continue : " Each section was im- 
mediately placed between thin sheets of very thin aluminium 
foil, and the edges sealed with melted paraflSn. Thus each 
section was in an air-tight cell, and could usually be preserved 
for some weeks without serious oxidation." 

All the sodium gold alloys were photographed by means of 
a Crookes' tube excited by a Ruhmkorff coil giving a 6-in. 
spark, the exposiu*e varying from 5 to 30 minutes, according 
to the amount of gold present. 

Defective Castings and Weldings. — Various attempts have 
been made to press the X rays into the service of engineers 
who wish to test castings and weldings for flaws, x Attention 
has already been called to Roentgen's radiogram of a gun 
barrel. Other experimenters have radiographed the tubes 
used in the construction of bicycles, but, so far, only the 
thinnest of metallic structm-e can be easily penetrated, so that 
very little practical success has been attained in this line. 

Adulteration. — In the earlier days of the X rays many 
suggestions were made for using their penetrative powers in 
the detection of certain kinds of fraud. The method has never 
become general, though it may prove of some service in dis- 
criminating between real and imitation jewellery. 

In any case where the X rays could conceivably be of ser- 
vice in the discovery of adulteration, chemical methods would 
be more certain. One instance will suffice. A substance 
which frequently passes through the hands of an analyst is the 
ground bone used as a manure. The value of this substance 

13 
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depends on the quantity of phosphorus and of nitrogen 
which it contains. Useless substances such as vegetable 
ivory have been sold in ita stead or used as an adulterant. 
The difference between the transparency of the bone and the 
organic matter renders it easy to distinguish between the two 
substances ; but chemical methods are so obvious and so 
accurate that there is nothing to be gained by using X rays. 
Another case in which X ray work has been suggested is the 
detection of mineral colours in tea and sweetmeats. 

Jewellery. — Plate I. in this book shows the radiogram of 
a lady's hand, with a diamond ring on one of her fingers. It 
will be noticed that although the rays were stopped by the 
gold, they have readily passed through the stones. As lead 
is used in nearly all the pastes from which artificial stones 
are made, it is easy to distinguish between a real and an 
artificial diamond. 

The same is true for most precious stones, such as the 
ruby, the emerald, the sapphire, and so on, which are much 
more transparent than their imitations. The pearl, on the 
other hand, which is imitated by a bulb of thin opalescent 
glass, coated internally with a preparation made from fish 
scales and filled with wax, is less transparent than its 
imitation. 

Another and more subtle way of imitating gems, so that 
the fraud cannot be detected by a file, is to make a " doublet " 
or " triplet ". The paste is faced above (doublet), or both 
above and below, with a thin sheet of the true gem cemented 
to the composition, so that the joint is invisible. An X ray 
photograph will easily show up this fraud. 

Mr. Foljambe Streeter has carried out experiments on 
this subject, but has, I believe, abandoned the method as 
less convenient than the optical and mechanical tests used by 
expert jewellers. 



CHAPTER VI. 

XRAYSINWAR. 

Since November, 1895, there has been ample opportunity for 
testing the efficacy of the X rays as a help to surgeons in war. 
Turkey and Greece have been at war, so have America and 
Spain, whilst England has had three campaigns on a large scale 
in North- Western India, Egypt and South Africa. 

The Graeco-Turkish war was the first in which the X rays 
were given a thorough trial. The Daily Chronicle organised 
and sent out a medical expedition to help the Greeks. This was 
placed under the charge of Mr. F. C. Abbott. A complete set 
of X ray apparatus went with the expedition, and was worked 
by Mr. Le Couteur. On his return Mr. Abbott published a 
full account of his work in the Lancet. Most of the report 
is taken up, of course, with descriptions of his surgical work, 
but sufficient is said concerning X ray work to give an idea of 
its value. The general result being that a portable apparatus 
taken on to the field is useless, whilst its greatest value is in 
the nearest hospital to the front. 

The summary at the end of the report contains the following 
paragraphs : — 

" The Roentgen rays should always, if possible, be available 
at that hospital nearest the front in which the wounds can be 
first properly examined and dealt with. 

" The electricity should be derived from a secondary battery, 
consisting of separate covered cells, charged from the nearest 
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man-of-war or other steamer, or by means of a cycle motor, as 
has been done in the Soudan by Major Battersby, R.A.M.C. 

" Skiagrams should be taken on Eastman s positive paper, 
which is sufficiently satisfactory for the detection of foreign 
bodies. 

" The apparatus is of no use in the field where the detection 
of bullets can only be an incentive to premature exploration/' 

In the Spanish- American war X ray apparatus was very 
generally used, though, instead of relying on the paper 
skiagrams which Mr. Abbott had foimd so useful, the 
American surgeons, wherever possible, used a fluorescent 
screen, making accurate measurements of the position of 
bullets by means of an apparatus similar to the one described 
on page 145, but instead of measuring by means of compasses 
and a scale, the screen was mapped out into squares by lead 
wires. 

In English campaigns X rays have been used successfully 
under very varying conditions. Major Beevor, R.A.M.C., used 
the apparatus in the Indian Frontier war, and Major Battersby, 
R.A.M.C., used it in the Soudan. The latter, on his return, 
read a paper before the Roentgen Society recounting his ex- 
periences, and Major Beevor at the same time mentioned a 
few of his successes and difficulties. A sentence from Major 
Beevor's speech gives an idea of conditions under which 
surgical work has to be carried out in the British army. He 
is reported thus: — 

"The results obtained by Major Battersby showed that 
X ray apparatus could be worked successfully in hot climates. 
In the Indian Frontier war most of the work was done during 
very cold weather among the moxmtains. They had one 
accident with the induction coil at starting, when the paraffin 
wax was melted during transit in the railway train, and wet 
blankets were resorted to to keep the coil cool." 

Major Battersby's account is the most complete which has 
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yet been published of actual experiences in warfare. He seems 
to have had time to obtain special apparatus before leaving Eng- 
land, and thus made many ingenious arrangements. As some of 
these may be of use to X ray workers in hot climates, I quote 
the following descriptions of special apparatus from his paper : — 

" Before leaving Cairo I took the precaution of having very 
thick felt covers made to surround the outer boxes containing 
the coils and storage batteries, and by keeping these constantly 
wet the internal temperature was considerably reduced, as eva- 
poration in the Soudan is very rapid. Between Wady Haifa and 
Abadieh all my apparatus had to travel for two days and a night 
in an open truck, exposed during the daytime to the fierce heat 
of a blazing sun. By keeping the felt wet every two hours we 
reached our journey's end without mishap ; thermometric ob- 
servations later on proved that when the felt coverings were 
kept damp the temperature in the centre of the coil did not 
exceed 85°. . . . 

"The Roentgen ray outfit which was sent out to the Soudan 
consisted of a 10-in. coil, made by Mr. Dean of Hatton Garden. 
This coil was specially insulated, and, with condenser, commu- 
tator, interruptor, volt-meter, small electric lamp, fluorescent 
screen, and two focus tubes, was enclosed in a strong oak box. 
It was most complete and satisfactory, but for the requirements 
of field service too heavy for camel or mule transport. Con- 
sequently I had a special arrangement made, by which means 
and by the aid oi'^a, long pole it could be carried on the shoulders 
of four men, like an Indian dhoolie. 

"Another 10-in. coil, designed by Mr. Apps, also accompanied 
me. At my suggestion, this coil consisted of two separate parts, 
the coil proper being enclased in a teak case, and the condenser, 
commutator, contact breaker, etc., in another. By this method 
the weight was evenly divided, and the two boxes could be 
readily carried on either side of a mule or camel, or by coolies, 
over very mountainous districts. . . . 



19h practical X ray work. 

*' 111 addition, a Hmall 6-iii. Dean's coil accompanied me to 
Omdui'man from Abadieh." 

Major Battersby's method of generating electricity by means 
of a tandem bicycle has become (juite classic, and is described 
on page 36. 

To give an idea of Major Battersby's success, the following 
details may 1^ quoted from the same paper : — 

" After the battle of Omdurman 121 British wounded were 
conveyed to the surgical hospital at Abadieh. Of this number 
there were twenty-one cases in which we could not find the 
bullet or prove its absence by ordinary methods. In twenty 
out of these twenty-one cases, an accurate diagnosis was arrived 
at with the help of the rays, the odd case, a severe bullet wound 
in the lung, being too ill at the time to examine." 

Of X rays in the Transvaal war we shall doubtless hear 
more when the war is over. Many sets of apparatus were taken 
out, the hospital ships being especially well installed. At first 
the apparatus, with very few exceptions, was in the hands of 
surgeons, but later on a number of gentlemen were sent out, 
having a special knowledge of the X rays and X ray apparatus, 
to devote, themselves entirely to this class of work. 

The war in the Transvaal has been one in which engineering 
equipment has been supplied on a very large scale. Electrical 
engineers, with their apparatus for generating electricity, have 
been always at work. Thus the radiographers have been free 
from the greatest difficulty encountered by those who have to 
use X rays in war time. 

Throughout the war, accounts have been sent home telling 
of the surgical work in South Africa. All agree in giving 
high praise to the help which X rays have given both in the 
localisation of bullets and in the exploration of bone injuries. 
The apparatus used is invariably a 10-in. coil, though no 
standard pattern has been decided upon. 

The difficulties of transporting X ray apparatus and 
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keeping batteries in order at a distance from sources of power 
have by no means been overcome. The experience of the Boer 
war has helped us very little in this direction. Indeed the 
expeditionary force in East Africa has had to fall back on the 
clumsy device of carrying a large bichromate battery. This, 
with the materials for charging, has to be carried by the men. 

We may, however, look forward to a time in the near future 
when engineers will take this question in hand seriously. So 
long as the use of large coils was confined more or less to the 
medical profession, electricians were apt to neglect its develop- 
ment. Now, however, that wireless telegraphy, with its need 
for sparking coils, has become a practical success, the attention 
of practical men is being called to the fact, that not only war 
surgery but also war signalling make it imperative that we 
shall have some easily movable source of electricity. 

No doubt the demand thus caused will create the necessary 
supply. 
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Position of patient, 178. 
Potash in tubes, 103. 
Potassium platino - evanide, 17, 

129. 
Potential diflEerence, 20. 
Practical work, 135. 
Primary batteries, 43. 

— circuit, 29. 

— coil, 62. 

current in, 174. 

Printing, 183. 

— out paper, 183. 
Problems in dentistry, 186. 
Punctograph, 144. 
Pyrogallic acid, 181. 

Q. 

Quantities, electrical, 23. 
Quantity of electricity, 25. 



Radiant matter, 9. 

— state, 9. 
Radiation, 2. 

Radiograms, development of, 179. 
Radiography, 153. 
Radioscopy, 138. 
Rate of charging accumulators, 

57. 
Rays heat, 2. 

— light, 1. 
Red tubes, 107. 
Reducing agents, 181. 
R^my's localiser, 20, 148. 
Resistance, 24. 

— for charging accumulators, 57. 

— of tubes, 93. 
Restrainers, 181. 
Rheostats, 37. 



Roentgen on illumination, 159. 

photographic plates, 153. 

secondary rays, 160. 

transparency, 15. 

Roentgen's original paper, 2. 
Rubber envelopes, 188. 
Ruhmkorff's coil, 60. 
Ruthenium, 105. 



Salvioni's screen, 17. 
Sandell's films, 156. 
Scheelite, 130. 
Screen examinations, 138. 

— fluorescent, 17, 128. 

— supports, 130. 
Screens, care of, 132. 

— flexible, 131. 

— intensifying, 131, 157. 

— stereoscopic, 133. 
Second anode, 95. 
Secondary battery, 26. 

— circuit, 29. 

— coil, 64. 

— X rays, 160. 
Sectional winding, 64. 
Self-exciting machines, 84. 
Self-induction, 63. 
Self-regulating tube, 103. 
Separate mechanical brakes, 66, 

72. 
Series-wound dynamo, 34. 
Shadow^ pictures, 4. 
Shadows, stereoscopic, 183. 
Shenstone's glass-blowing, 109. 
Shunt-wound dynamo, 33. 
Siemens and Halske*s secondary 

coils, 64. 
Sizes of plates, 155. 
Softening emulsions, 180. 
Soft tubes, 93. 

radiography with, 174. 

Soudan campaign, 197. 
Sources of electricity, 32, 
South African war, 198. 
Spanish-American war, 190. 
Spark from Wehnelt break. 7a 

— lengths, 172. 

— under varying pressure^., M, 

— variations of, 172. 
Spectroscopic work, 16. 
Spirit lamps, 164. 
Sprengel's air-pump, 110. 
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X ray apparatus, 22. 

— dermatitis, 20. 

— paper, 154. 

X rays, action on bacteria, 21. 

— :?'seovery of, 15, 

— in adulteration, 193. 

— in chemistry, 192. 



X rays, in dentistry, 186. 

— in metallurgy, 192. 

— in war, 195. 

— secondary, 160. . 



Z. 



Zinc sulphide, fluorescence of, 13. 
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*' Hen* And^' book, written purely from a scientific standpoint, will be particularly useful 
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good paper, and its appearance does credit to the publishers ; the work of translation has been 
remarkably well done, the language bearing none of those irritating traces of Teutonism which 
disfigure so many English versions of German technical works." — The Ironmonger. 

"This knowledge is conveyed with characteristic German thoroughness in this useful work 
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the best methods of applying anti-corrosive substances and the various pigments most effi- 
cacious for use under all circumstances. The author has evidently thoroughly investigated and 
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Special Individual Use of (I) Litharge, (2) Sugar of Lead, (3) Red Lead, (4) Lead Borate, 
(5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Manganese, (8) Manganese Acetate, 
(9) Manganese Borate, (10) Manganese Resinate, (11) Manganese Linoleate, Aiixed Resinates 
and Linoleates, Manganese and Lead, Zinc Sulphate, Terebine, Liquid Driers. — Solidified 
Boiled Oil. — Manufacture of Linoleum. — Manufacture of India Rubber Substitutes. — Printing 
Ink Manufacture— Lithographic Ink Manufacture.— Manufacture of Oil Varnishes. — Running 
and Special Treatment of Amber, Copal, Kauri, Manilla. — Addition of Oil to Resin. — Addition 
of Resin to Oil.— Mixed Processes. — Solution in Cold of previously Fused Resin.— Dissolving 
Resins in Oil, etc., under pressure.— Filtration. — Clarincation. — Storage. — Ageing. — Coach- 
makers* Varnishes and Japans.— Oak Varnishes. — Japanners' Stoving Varnishes. — Japanners' 
Gold Size.— Brunswick Black. — Various Oil Varnishes. — Oil-Varnish Stains. — Varnishes for 
*• Enamels ".- India Rubber Varnishes.— Varnishes Analysis : Processes, Matching. — Faults in 
Varnishes : Cause, Prevention. — Experiments and Exercises. 

Press Opinions. 

*• There is no question that this is a useful book." — Chemist and Druggist. 

" The different formulae which are quoted appear to be far more ' practical ' than such as 
are usually to be found in text-books ; and assuming that the original was published two or 
three years a^o, and was only slightly behindhand in its information, the present volume gives 
a fair insight into the position of the varnish industry."— T/t« Ironmonger. 

Letter from the Teacher of a Technical Class. 

" As a teacher I have often been consulted as to the best work on Varnish Manufacture 
and kindred industries, and have been at a loss in recommending a really practical one. It is 
therefore with pleasure that I can now testify as to the merits of the book on these subjects 
by A. Livache and J. G. Mcintosh recently published by Messrs. Scott, Greenwood & Co. In 
my opinion no varnish maker ought to be without it ; moreover, it is the best text-book that 
could be put into the hands of trade students or beginners. It has also the merits of being 
thoroughly up-to-date and of possessing a remarkably comprehensive index. I can conscien- 
tiously recommend, it to my students and trade friends."— -Charles Harrison, Lecturer on 
the Manufacture of Painters' Oils, Colours and Varnishes, Borough Polytechnic, Borough 
Road, S.E. 

"2»rdMay, 1899" 



THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C., F.C.S. Sixteen Coloured Plates, showinsr Speolmens of 
Elsrhty-nlne Colours, speolally prepared from the Recipes sriven 

In the Book. 136 pp. Demy 8vo. 1900. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Introduction. — II., The Groups of the Artificial Colouring Matters. — III., The 
Nature and Manipulation of Artificial Colours. — IV., Lake-forming Bodies for Acid Colours. — 
v.. Lake-forming Bodies' Basic Colours. — VI., Lake Bases. — VII., The Principles of Lake 
Formation. — VIII., Red Lakes. — IX., Orange, Yellow, Green, Blue, Violet and Black Lakes. — 
Xm The Production of Insoluble Azo Colours in the Form of Pigments. — XL, The General 
Properties of Lakes Produced from Artificial Colours. — XII., Washing, Filtering and Fin- 
ishing.— XIII., Matching and Testing Lake Pigments.— Index. 

Press Opinions. 

*• It is evidently the result of prolonged research, and cannot but prove a valuable con- 
sulting work to those engaged in the industry." — Derby Mercury. 

"The practical portion of the volume is the one which will especially commend itself, as 
that is the part of the subject which most readers would buy the book for." — Chemist and 
Druggist. 

"This work just issued is a very valuable treatise on the manufacture of lake pigments of 
the coal-tar series principally. The plan adopted by the author in writing up the subject 
enables the manufacture to be very readily understood. . . . The general properties of lakes 
produced from artificial colours, washing, filtering and finishing, and matching and testing 
lake pigments are well and exhaustively described, so that no manufacturer or user of lake 
pigments can well afford to be without this work." — Chemical Trade Journal. 

"This is undoubtedly a book which will occupy a very high place amongst technical works, 
and will prove of exceptional value to all whom it immediately concerns. We have no 
hesitation in recommending it as one of the best works of its class we have ever read. Mr. 
Jennison has set about his task with a lucid style, and with a complete mastery of his subject. 
. . We do not think students of the technical side of the paint and colour industry can 
possibly spend 7s. 6d. in a more profitable way than by buying this publication."— JSas/^yn 
Morning News. 



THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jones, F.C.S. A Book lor the 
Laboratories of Colour Works. 88 pp. Crown 8vo. 1900. Price 5s. ; 
India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

Contents. 

Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium 
Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Cop- 
per Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic 
Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium 
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds. Oils 
Index. 

Press Opinions. 

''Though this excellent little work can appeal only to a limited class, the chemists in colour 
works, yet it will appeal to them very strongly indeed, for it will put them on the track of 
short, rapid, and yet approximately, accurate methods of testing the comparative value of 
competing samples of raw material used in paint and colour manufacture." — North British 
Daily Mail. 

"This little text-book is intended to supplement the larger and more comprehensive works 
on the subject, and it embodies the result of Mr. Jones' experiments and experiences, extend- 
og over a lon^ period. It gives, under separate headings, the principal ingredients and im- 
purities found in the raw materials, and is a handy work of reference for ascertaining what is 
valuable or detrimental in the sample under examination." — Blackburn Times. 

"There is no attempt at literary adornment nor straining after literary effect, but the 
lessons are imparted in simple and concise language. This is just what a text-book should 
be. . . . The treatise is certainly most useful, and bears internal evidence of being the results 
of actual work in a busy manufactory and not of ephemeral cramming in a technical school. 
The chapter arrangement is good, the index satisfactory, and the book is altogether one which 
the practical chemist should keep as accessible to his crucibles and filter paper." — Manchester 
Courier. 
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THE CHKMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lortd.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 400 pp. 
1899. Demy 8vo. Price 128. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s. ; strictly net. 

Contents. 

Chapters I., The Oeneral Properties of Essential Oils.— II., Compounds occurring 

In Essential Oils.— III., The Preparation of Essential Oils.— IV.. The Analysis off 

Essential Oils.— V., Systematic Study of the Essential Oils.— VI.. Terpeneless Oils.— 

VII., The Chemistry of Artificial Perfumes.— Appendix : Table of Constants. 

Press Opinions. 

"There can be no doubt that the publication will take a high place in the list of scientific 
text-books." — London A rgus 

" We can heartily recommend this volume to all interested in the subject of essential oils 
from the scientific or the commercial standpoint." — British and Colonial Druggist. 

" Mr. Parry has done good service in carefully collecting and marshalling the results of the 
numerous researches published in various parts of the world.*' — Pharmaceutical Journal. 

" At various times monographs have been printed by individual workers, but it may safely 
be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . . He is known to have sound practi- 
cal experience in analytical methods, and he has apparently taken pains to make himself au/at'^ 
with the commercial aspects of the subject. "^<) he mist and Druggist. 

" Mr. Parry's reputation as a scientist is fully established, and we can therefore accept any 
work emanating from his pen as being of the greatest practical value. We have perused the 
work before us with much care, and are convmced that the contents will be found most service- 
able and its publication most opportune. ... He avoids unnecessary details, but includes 
everything that is essential to systematic treatment, while he attempts no more ' than to give 
an outline of the principles involved '. . . . We congratulate Mr. Parry on the scientific value 
of his work, and hope that if the progress of the colonies in the manufacture of essential oils 
and perfumes equals what we are justified in expecting, it will become an Australian hand-book, 
everywhere appreciated." — The Australian Breicers* Journal. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Andes. A Practical Work 
for Manufacturers of Oils, Varnishes, Printing Inks, Oilcloth and Lino- 
leum, Oilcakes, Paints, etc. Expressly Written for this Scries of Special 
Technical Books, and the Publishers hold the Copyright for English and 
Foreign Editions. Forty- two Illustrations. 360 pp. 1901. Demy 8vo. 
Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s. ; 
strictly net. 

Contents. 

Chapters I., General Chemical and Physical Properties of the Drying Oils ; Cause of the 
Drying Property ; Absorption of Oxygen ; Behaviour towards Metallic Oxides, etc. — II., The 
Properties of and Methods for obtainmg the Drying Oils. — III., Production of the Drying Oils 
by Expression and Extraction; Refining and Bleaching; Oil Cakes and Meal; The Refining 
and Bleaching of the Drying Oils ; The Bleaching of Linseed Oil.— IV., The Manufacture of 
Boiled Oil ; The Preparation of Drying Oils for Use in the Grinding of Paints and Artists* 
Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold 
Process, by the Action of Air, and by Means of the Electric Current; The Driers used in 
Boiling Linseed Oil; The Manufacture of Boiled Oil and the Apparatus therefor ; Livache's 



Process for Preparing a Good Drying Oil and its Practical Application. — V., The Preparation 
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water- 
proof Fabrics ; The Manufacture of Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat, 



Superheated Steam, and by a Current of Air. — VI., Behaviour of the Drying Oils and Boiled 
Oils towards Atmospheric Influences, Water, Acids and Alkalies. — ^VII., Boiled Oil Substitutes. 
— VIII., The Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolic 
Acid Compounds of the Driers. — IX., The Adulteration and Examination of the Drying Oils 
and Boiled Oil. 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. 1901. Price Ss. ; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Memoir : C. W. Scheele and his work (written for this edition). — Chapters I., On Fluor 
Mineral and its Acid. — II., On Fluor Mineral. — III., Chemical Investigation of Pluor Acid, 
with a View to the Earth which it Yields, by Mr. Wiegler. — IV., Additional Information 
Concerning Fluor Minerals. — V., On Manganese, Magnesium, or Magnesia Vitrariorum. 
—VI., On Arsenic and its Acid.— VII., Remarks upon Salts of Benzoin —VIII.. On Silex. 
Clay and Alum.— IX., Analysis of the Calculus Vesical.- X., Method of Preparing Mercurius 
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Dulcis Via Humida. — XI., Cheaper and more Convenient Method of Preparing Pulvis 
Algarothi. — XII., Experiments upon Molybdsena. — XIII., Experiments on Plumbago. — XIV., 
Method of Preparing a New Green Colour. — XV., Of the Decomposition of Neutral Salts by 
Unslaked Lime and Iron. — XVI., On the Quantity of Pure Ai^ which is Daily Present in our 
Atmosphere. — XVII., On Milk and its Acid. — XVIII., On the Acid of Saccharum Lactis. — 
XIX., On the Constituent Parts of Lapis Ponderosus or Tungsten. — XX., Experiments and 
Observations on Ether. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 

Lond., F.I.C. Fourteen Engravings. 144 pp. DemySvo. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s.; strictly net. 

Contents. 

. Chapters I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin 
and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties.— II., Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing 
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of 
Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc.. Secondary Pro- 
ducts. — III., Uses of Qiue : Selection and Preparation for Use, Carpentry, Veneering, 
Paper-Making, Ek>okbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, 
etc.. Substitutes for other Materials, Artificial Leather and Caoutchouc. — IV., Gelatine : 
General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo- 
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi- 
cinal and other Uses, Bacteriology. — V., Qiue Testinsf: Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation of Raw Materials. — VI., Commercial 
Aspects. 

Press Opinions. 

"This work is of the highest technical character, and gives not only a full and practical ac- 
count of the raw materials and manufacture of glues, gelatines and similar substances, but 
gives many hints and information on the use of such substances in veneering, carpentry and 
many other purposes. Many tests are given for glue in different stages of the progress of its 
manufacture, and the commercial value of a commodity so much in general use is exemplified 
by statistics and figures. It is certainly a valuable treatise upon an article for which very 
little literature in any form has previously been obtainable." — Carpenter and Builder. 

" Books on the art of glue making are more than usually scarce, and users of that article, 
as well as those who may be tempted to embark in the industry, should therefore welcome 
this book by Dr. Samuel Rideal, a Fellow of the Institute of Chemistry, and a leading authority. 
In this book he has collected the more important facts connected with the manufacture of glue 
And allied products, and stated the experience he has gained in examining various commercial 
samples during the past ten years. . . . Dr. Rideal's book must be regarded as a valuable con- 
tribution to other technical literature, which manufacturers, merchants and users may study 
with profit." — British Trade Journal. 

"This volume is the latest addition to the excellent series of special technical works for 
manufacturers and professional and commercial men issued by the well-known publishers of 
The Oil and Colourntan's Journal. The volume in every way fully maintains the high standard 
of excellence of the whole series, and deals with the subject of glue making and glue testing in 
a thoroughly exhaustive manner. Chapters are given on the constitution and properties, and 
raw material and manufacture, and of the uses ofglue, and in this latter respect it will doubtless 
be information to many readers to learn to what extent glue enters into the manufacture of 
many commercial products not apparently associated with glue. Exhaustive chapters on the 
processes and methods of glue testing, and on its commercial aspects, complete this useful and 
roost carefully prepared volume." — Carriage Builders' Journal. 

TECHNOLOGY OF PETROLEUM : Oil Fields of the 

World — Their History, Geography and Geology — Annual Production 

and Development — Oil-well Drilling — ^Transport. By Henry Neu- 

BERGER and Henry Noalhat. Translated from the French by J. G. 

McIntosh. 550 pp. 153 Illustrations. 26 Plates. Royal 8vo. 1901. Price 

21s. ; India and Colonies, 22s. ; Other Countries, 23s. 6d. ; strictly net. 

Contents. 

Part I., Study of (the Petroliferous Strata— Chapters I., Petroleum— Definition.— II., 

The Genesis or Origin of Petroleum.— III., The Oil Fields of Galicia, their History.— IV., 

Physical Geography and Geology of the Galician Oil Fields. — V., Practical Notes on Galician 

Land Law — Economic Hints on Working, etc. — VI., Roumania— History, Geography, Geology. 

— ^VII., Petroleum in Russia — History.— v I II., Russian Petroleum {continued) — Geography and 

Geologv of the Caucasian Oil Fields.— IX., Russian Petroleum (continued).— X.,The Secondary 

Oil Fields of Europe, Northern Germany, Alsace, Italy, etc.— XI., Petroleum in France. — XII., 

Petroleum in Asia — Transcaspian and Turkestan Territory— Turkestan— Persia— British 

India and Burmah — British Burmah or Lower Burmah — China — Chinese Thibet— Japan, 

Formosa and Saghalien. — XIII., Petroleum in Oceania— Sumatra, Java, Borneo— Isle of 

Timor— Philippine Isles— New Zealand.— XIV., The United States of America— History .— 

XV^ Physical Geology and Geography of the United States Oil Fields.— XVI., Canadian and 

other North American Oil Fields.- XVII., Economic Data of Work in North Americ? 

XVIII., Petroleum in the West Indies and South America.— XIX., Petroleum in the Fre 

Colonies. 
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Part II., Excavations.— Chapter XX., Hand Excavation or Hand Digging of Oil Wells. 

Part III., Methods off Boringr*— Chapters XXI., Methods of Oil-well Drilling or Boring. 
—XXII.. Boring Oil Wells with the Rope.— XXIII., Drilling with Rigid Rods and a Free-faU— 
Fabian System.— XXIV., Free-fall Drilling by Steam Power.— XXV., Oil-well Drilling by the 
Canadian System.— XXVI., Drilling Oil Wells on the Combined System.— XXVIl., Com- 

girison between the Combined Pauck System and the Canadian. — XaVIII., The American 
ystem of Drilling with the Rope.— XXIX., Hydraulic Boring with the Drill by Hand and 
Steam Power.— XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond 
Tools — Hand Power and Steam Power — Hydraulic Sand-pumping. — XXXI., Improvements 
in and different Systems of Drilling Oil Wells. 

Part IV., Accidents. — Chapters XXXII., Boring Accidents— Methods of preventing them 
— Methods of remedying them. — XXXI II., Explosives and the use of the "Torpedo" Leviga- 
tion.— XXXIV., Storing and Transport of Petroleum. — XXXV., General Advice— Prospecting, 
Management and carrying on of Petroleum Boring Operations. 

Part v., Qeneral Uata.— Customarv Formuls.— Memento. Practical Part. General 
Data bearing on Petroleum. — Glossary of Technical Terms used in the Petroleum Industry. — 
Copious Index. 

A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OP 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 

8vo. 380 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

The names of the Chemicals and Raw Products are arranged in alphabetical order, and 
the description of each varies in length from half to eight pages. The following are some of 
the articles described and explained : Acetates — Acetic Acid — Acidimetry — Alcohol — ^Alum — 
Ammonia — Amber — Animi — Arsenic — Beeswax — Benzol — Bichromates of Potash and Soda — 
Bleaching Powder — Bone Black — Boric Acid — Brunswick Green — Cadmium Yellow — Car- 
bonates — Carmine — Carnauba Wax — Caustic Potash and Soda — Chrome Colours — Clay — Coal 
Tar Colours — Copal — Dammar — Drying Oils — Emerald Green — Gamboge— Glue — Glycerine — 
Gums — Gypsum — Indian Red — Japanese Lacquer — Lac — Lakes — Lamp Black — Lead Com- 
pounds — Lmseed Oil — Magnesia — Manganese Compounds — Mica — Nitric Acid — Ochres — 
Orange Lead — Orr's White — Paraffin — Prussian Blue — Rosin Oil — Sepia — Sienna — Smalts — 
Sodium Carbonate — Sublimed White Lead — Sulphuric Acid — Terra Verte — Testing Pigments 
— Turpentine — Ultramarine — Umbers — Vermilionettes — White Lead — Whiting — Zinc Com- 
pounds. — Appendix: Comparison of Baum6 Hydrometer and Specific Gravity for Liquids 
Lighter than Water — Hydrometer Table for Liquids Heavier than Water — Comparison of 
Temperature Degrees — ^Tables for Converting French Metric Weights and Measures into 
English— Table of the Elements — etc., etc.— Copious Index. 

Press Opinions. 

" This treatise will be welcomed by those interested in this industry who have not secured 
the full advantage of a course of scientific training." — Chemical Trade Journal. 

" In concise and lucid terms almost every ingredient used in paint and colour manufacture 
is described, together with the methods of testing their intrinsic and chemical value." — 
Pontefract Express. 

" Such a book of reference for paint, colour and varnish manufacturers has long been 
needed, and in Mr. Hurst the publishers have secured a compiler who is not only a well-known 
authority and expert, but who has the gift of communicating his knowledge in a concise and 
lucid form." — Manchester Courier. 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 

other Industries. By W. B. Cowell. Twelve Illustrations. 1900. 

Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

Contents. 

Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils; 
Preparing Siccative Drying Oils. — H., Compressed Air; Whitewash. — HL, Liquid Air; Retro- 
cession. — IV., Purification of Water; Water Hardness. — ^V., Fleshings and Bones. — VL, Ozon- 
ised Air in the Bleaching and Deodorising of Pats, Glues, etc. ; Bleaching Textile Fibres. — 
Appendix : Air and Gases ; Pressure of Air at Various Temperatures ; Fuel ; Table of Com- 
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making 
Minerals; British Thermal Units Tables; Volume of the Flow of Steam into the Atmosphere; 
Temperature of Steam. — Index. 

Press Opinions. 

'* This is a valuable work in little space. ... In arrangement it is a commendable work, 
and its value is increased by the index which brings the little volume to a close." — Newcastle 
Daily Journal. 

"The book is written solelv for manufacturers, who, without doubt, will find it exceedingly 
practical and useful. The volume contains an appendix wherein is given a great many tables, 
etc., which manufacturers in the trades referred to will find of inestimable valu<> " — Rlarkhurn 
Times. 
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THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated from the Second 
Revised Edition by Arthur C. Wright, M.A. (Oxon.), B.Sc. (Lond.), 
formerly Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy 
8vo. 190L Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s. ; strictly net. 

Contents. 

Chapters I., Introduction. — II., Physico-chemical Behaviour of Pigments. — III., Raw 
Materials Employed in the Manufacture of Pigments.— IV., Assistant Materials. — V., Metallic 
Compounds.— VI., The Manufacture of Mineral Pigments.— VII., The Manufacture of White 
Lead.— VIII., Enamel White.— IX.. Washing Apparatus.— X., Zinc White.— XI.. Yellow 
Mineral Pigments.- XII., Chrome Yellow.— XIII., Lead Oxide Pigments.— XIV., Other 
Yellow Pigments.— XV., Mosah Gold.— XVI., Red Mineral Pigments.— XVII., The Manu- 
fecture of Vermilion. — XVIII., Antimony Vermilion.— XIX., Ferric Oxide Pigments.— XX., 
Other Red Mineral Pigments.— XXI., Purple of Cassius.- XXII., Blue Mineral Pigments.— 
XXIII., Ultramarine.— XXIV., Manufacture of Ultramarine.— XXV., Blue Copper Pigments. 
—XXVI., Blue Cobalt Pigments.— XXVII., Smalts.— XXVIII., Green Mineral Pigments.— 
XXIX., Emerald Green.— XXX., Verdigris.— XXXI., Chromium Oxide.— XXXII., Other 
Green Chromium Pigments.— XXXIII., Green Cobalt Pigments.— XXXIV., Green Man- 
ganese Pigments.— XXXV., Compounded Green Pigments.— XXXVI., Violet Mineral Pig- 
ments. — XXXVII., Brown Mineral Pigments. — XXXVIII., Brown Decomposition Products. — 
XXXIX., Black Pigments.— XL., Manufacture of Soot Pigments.— XLI., Manufacture of 
Lamp Black.— XLIL, The Manufacture of Soot Black without Chambers.— XLI 1 1., Indian 
Ink. — XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVI., Bronze Pigments — 
XLVII., Vegetable Bronze Pigments. 

PionENTS OF Organic Origin.— Chapters XLVIII., Lakes.— XLIX., Yellow Lakes.— L., 
Red Lakes. — LI., Manufocture of Carmine. — LI I., The Colouring Matter of Lac. — LI 1 1., Saf- 
flower or Carthamine Red. — LIV., Madder and its Colouring Matters. — LV., Madder Lakes. — 
LVI., Manjit (Indian Madder).— LV II., Lichen Colouring Matters.— LVI 1 1., Red Wood Lakes. 
— LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.— LX., Blue Lakes.— 
LXI., Indigo Carmine.— LXI I., The Colouring Matter of Log Wood.— LXIII., Green Lakes.— 
LXIV., Brown Organic Pigments.— LXV., Sap Colours.— LXVI., Water Colours.— LXVI I., 
Crayons. — LXVIII., Confectionery Colours. — LXIX., The Preparation of Pigments for 
Painting.— LXX., The Examination of Pigments.— LXX I., Examination of Lakes.— LXXII., 
The Tcstingof Dye-Woods.— LXXIII., The Design of a Colour Works.— LXXIV.— Commercial 
Names of Pigments. — ^Appendix : Conversion of Metric to English Weights and Measures.— 
Centigrade and Fahrenheit Thermometer Scales. — Index. 

BONE PRODUCTS AND MANURES : An Account of the 
most recent Improvements in the Manufacture of Fat, Glue, Animieil 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Chemical Composition of Bones — Arrangement of Factory — Crushing of Bones 
— Treatment with Benzene — Benzene in Crude Fat — ^Analyses of Clarified Fats — Mechanical 
Cleansing of Bones — Animal Charcoal — ^Tar and Ammoniacal Liquor, Char and Gases, from 
good qustfity Bones— Method of Retorting the Bones— Analyses of Chars—" Spent " Chars — 
Cooling of Tar and Ammoniacal Vapours — Value of Nitrogen for Cyanide of Potash— Bone 
Oil — IVfarrow Bones — Composition of Marrow Fat — Premier Juice— Buttons.— II., Properties 
of Glue — Glutin and Chondrin — Skm Glue — Liming of Skins — Washing — Boiling of Skins — 
Clarification of Glue Liquors — ^Acid Steeping of Ek>nes — Water System of Boihng Bones — 
Steam Method of Treating Bones — Nitrogen in the Treated Bones — Glue-Boiling and Clarify- 
ing-House — Plan showing Arrangement of Clarifying Vats — Plan showing Position of Evapora- 
tors — Description of Evaporators— Sulphurous Acid Generator — Clarification of Liquors — 
Section of Drying-House — Specification of a Glue — Size— Uses and Preparation and Composi- 
tion of Size — Concentrated Size.— III., Properties of Gelatine — Preparation of Skin Gelatine 
— Washing — Bleaching — Boiling — Clarification — Evaporation — Drymg— Bone Gelatine — Se- 
lecting Bones — Crushing — Dissolving — Bleaching — Boiling — Properties of Glutin and Chondrin 
—Testing of Glues and Gelatines.— IV., The Uses of Glue, Gelatine and Size in Various 
Trades — Soluble and Liquid Glues— Steam and Waterproof Glues. — V., Manures — Importation 
of Foodstuffs— Soils— Germination— Plant Life.— VI., Natural Manures— Water and Nitrogen 
in Farmyard Manure — Full Analysis of Farmyard Manure — Action on Crops — Water-Closet 
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System — Sewaj;e Manure — Green Manures. — VII., Artificial Manures — Bones — Boiled and 
Steamed Bones— Mineral Phosphates— English Coprolites— French and Spanish Phosphorites 
— German and Belgian Phosphates — Basic Slag — Guanos Proper — Guano Phosphates. — VIII^ 
Mineral Manure» — Common Salt — Potash Salts — Calcareous Manures — Prepared Nitrogenous 
Manures — Ammoniacal Compounds — Sodium Nitrate — Potassium Nitrate — Organic Nitro- 
genous Matters— Shoddy— Hoofs and Horns — Leather Waste — Dried Meat — Dried Blood — 
Superphosphates — Composition — Manufactuie — Section of Manure-Shed — First and Ground 
Floor Plans of Manure-Shed— Quality of Acid Used— Mixings— Special Manures— Potato 
Manure — Dissolved Bones — Dissolved Bone Compound— Enriched Peruvian Guano — Special 
Manure for Garden Stuffs, etc. — Special Manure for Grass Lands — Special Tobacco Manures 
— Sugar-Cane Manure — Compounding of Manures— Valuation of Manures. — IX., Analyses of 
Raw and Fmished Products — Common Raw Bones — Degreased Bones — Crude Fat — Refined 
Fat— Degelatinised Bones— Animal Charcoal— Bone Superphosphates — Guanos— Dried Animsd 
Products— Potash Compounds — Sulphate of Ammonia — Extraction in Vacuo — Description of a 
Vacuum Pan — French and British Gelatines compared. — Index. 

Press Opinion. 

" We can with confidence recommend the perusal of the book to all persons interested in 
the manufacture of artificial manures, and also to the large number of formers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
possible results, which scientific research has placed within thei»' reach." — Wigan Observer. 

ANALYSIS OF RESINS AND BALSAMS. Demy 8vo. 
340 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. ; strictly net. 

Contents. 

Part I., Definition of Resins in General— Definition of Balsams, and especially the Gum 
Resins — External and Superficial Characteristics of Resinous Bodies — Distinction between 
Resinous Bodies and Pats and Oils — Origin, Occurrence and Collection of Resinous Sub- 
stances — Classification— Chemical Constituents of Resinous Substances — Resinols — Resinot 
Annols — Behaviour of Resin Constituents towards the Cholesterine Reactions — Uses and 
Identification of Resins— Melting-point— Solvents — Acid Value— Saponification Value — Resin 
Value — Ester and Ether Values— Acetyl and Corbonyl Value— Methyl Value — Resin Acid — 
Systematic R^sum^ of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams — Introduction — Definitions — Canada Balsam — Copaiba Balsam — Angos- 
tura Copaiba Balsam — Babia Copaiba Balsam — Carthaj^ena Copaiba Balsam — Maracaibo 
Copaiba Balsam — Maturin Copaiba Balsam — Gurjum Copaiba Balsam — Para Copaiba Balsam 
— Surinam Copaiba Balsam — West African Copaiba Balsam — Mecca Balsam — Peruvian 
Balsam — Tolu Balsam — Acaroid Resin — Amine — Amber — African and West Indian Kino — 
Bengal Kino — Labdanum — Mastic — Pine Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration of Styrax Liquidus Crudus — Purified Storax — Styrax Crudus Colatus — ^Taca- 
mahac — Thapsia Resin — Turpentine — Chios Turpentine — Strassburg Turpentine — Turpeth 
Turpentine. Qum Resins — Ammoniacum — Bdellium — Euphorbium — Galbanum — Gamboge 
— Lactucarium — Myrrh — Opopanax — Sagapenum — Olibanum or Incense — Acaroid Resin — 
Amber — Thapsia Resin. — Index. 

MANUFACTURE OF PAINT. A Practical Handbook for 
Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 1901. 200 pp. 60 Illustrations and 1 Large 
Diagram. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. ; strictly net. 

Contents. 

Part I., Chapters I., Preparation of Raw Material.— II., Storing of Raw Material.— III., 
Testing and Valuation of Raw Material— Paint Plant and Machinery. 

Part II., Chapters V., The Grinding of White Lead.— VI., Grinding of White Zinc— VII., 
Grinding of other White Pigments.— Vl 1 1., Grinding of Oxide Paints.— IX., Grinding of Stain- 
ing Colours.— X., Grinding of Black Paints.— XL, Grinding of Chemical Colours— Yellows.— 
XII., Grinding of Chemical Colours— Blues.— XII L, Grindmg Greens.— XIV., Grinding Reds. 
—XV., Grinding Lakes.— XVI., Grinding Colours in Water.— XVI I., Grinding Colours in 
Turpentine. 

Part III., Chapters XVIIL, The Uses of Paint.— XIX., Testing and Matching Paints.— 
XX., Economic Considerations. — Index. 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
B.Sc, F.I.C., F.C.S., and J. H. Coste, F.I.C, F.C.S. [In the press. 

Contents. 

"^hapters I., Introductory— Composition of White Light— Theory of Colour, etc.— II., The 
tion of Pigments — Artistic, Decorative, Protective Methods of Applying Pigments.— 
Ue Pigments. — IV., Inorganic Coloured Pigments. — V., Organic Pigments. 
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NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ; 
Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Definitions — Properties — Occurrence. — II., Galena — Johnstonite — Cerussite — 
Ceruse (White Lead) — Minium — Red Lead. — III., Pyromorphite — Mimetene — Hediphane — 
Crocoise — Wulfenite. — Vanadinite — IV., BleiglStte — Anglesite — Caledonite — Linarite — Lanark- 
ite — Leadhillite — Susannite — Clausthalite — Cotunnite. — V., Mendipite — Matlockite — Crom- 
fordite — Nagyagite — Altaite^Melanochroite — Vauguelinite — Scheeletine.— VI., Plattncrite — 
Tilkcrodite — Raphanosmite— Deckenite — Descloezite — Duf renaysite — Bleinierite — Moffrasite 
^3eocronite — Kilbrechenite — Schulzite — Boulangcrite — Heteromorphite — Meneghinite — 
Jamesonite — Plagionite — Zinkenite. — VII., Kobelute — Boumonite — Selenkupferblei — Nus- 
sierittt — Percylite— Wolchite — Polysphracrite— Miesite. — Index. 



THE RISKS AND DANGERS OF VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonard 
A. Parry, M.D., B.S. (Lond.). 196 pp., demy 8vo. 1900. Price 7s. 6d. ; 
India and Colonies, Ss. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal Quantities of Dust. — II., Trades in which there is Danger of Metallic Poisoning. — 
III., Certain Chemical Trades. — IV., Some Miscellaneous Occupations. — V., Trades in which 
Various Poisonous Vapours are Inhaled. — VI., General Hygienic Considerations. — Index. 

This book contains valuable information for the following trades — Aerated Water Manu- 
facture, Alkali Manufacture, Aniline Manufacture, Barometer Making, Brass Pounders, Bromine 
Manufacture, Bronze Moulders, Brush Making, Builders, Cabinet Makers, Calico Printing, 
Chloride of Lime Manufacture, Coal Miners, Cocoa-nut Fibre Making, Colour Grinders, 
Copper Miners, Cotton Goods Manufacture, Cotton Yarn Dyeing, Cutlery Trades, Dry Clean- 
ing, Electricity Generating, Electroplaters, Explosives Manufacture, File Making, Flint 
Milling, Floor Cloth Makers, Furriers, Fustian Clothing Making, Galvanised Iron Manufacture, 
Gassing Process, Gilders, Glass Making, Glass Paper Making, Glass Polishing and Cutting, 
Grinding Processes, Gunpowder Manufacturing, Gutta-percha Manufacture, Hat Makers, 
Hemp Manufacture, Horn Goods Making, Horse-hair Making, Hydrochloric Acid Manufacture, 
India-rubber Manufacture, Iodine Manufacture, Ivory Goods Making, Jewellers, Jute Manu- 
facture, Knife Grinders, Knife Handle Makers, Lace Makers, Lacquering, Lead Melters, Lead 
Miners, Leather Making, Linen Manufacture Linoleum Making, Lithographic Printing and 
Bronzing, Lithographing, Masons, Match Manufacture, Melanite Making, Mirror Making, 
Needle Grinders, Needle Making, Nitro-benzole Making, Nitro-glycerine Making, Paint 
Makers, Paper Making, Philosophical Instrument Makers, Photographers, Picric Acid Making, 
Portland Cement Making, Pottery Manufacture, Printers, Quicksilver Mining, Rag Pickers, 
Razor Grinders, Red Lead Making, Rope Making, Sand Paper Making, Saw Gnnders, Scissors 
Grinders, Shoddy Manufacture, Shot Making, Silk Making, Silver Mining, Skinners, Slag, Wood 
Manufacture, Steel Makers, Steel Pen Making, Stereotypers, Stone Masons, Straw Hat Makers, 
Sulphuric Acid Manufacture, Sweeps, Table-knife Grinders, Tanners, Telegraphists, Textile 
Industries, Tin Miners, Turners, Type Founders, Umbrella Makers, Wall Paper Making, 
White Lead Making, Wood Working, Woollen Manufacture, Wool Sorters, Zinc^ Oxide 
Manufacture, Zinc Working, etc., etc. 

Press Opinions. 

" The language used is quite simple, and can be understood by any intelligent person en- 
gaged in the trades dealt with." — The Clarion. 

"This is an appalling book. It shows that there is scarcely a trade or occupation that has 
not a risk or a danger attached to it." — Local Government Journal. 

" Dr. Parry has not only pointed out the ' risks and dangers of various occupations ' ; he has 
suggested means for their prevention. The work is primarily a practical one." — Colliery 
Manager. 

"This is a most useful book which should be in the hands of all employers of labour, 
foremen, and intelligent workmen, and is one of great utility to sanitary inspectors, and even 
on occasion to medical men." — Health. 

"The writer has succeeded in collecting a large amount of information, and though one 
could wish he had presented it in a rather more attractive style, he has certainly condensed it 
into a very small space." — Physician and Surgeon. 

" The little book before us is one which will be found exceedingly useful to manufacturers 
and even factorv inspectors. ... No attempt is made to show how diseases when originated 
are to be cured, but, acting on the sound principle that prevention is better than cure, means 
are stated how to avoid the harm." — Bristol Mercury. 

" The author has endeavoured to treat the question in simple rather than in technical lan- 
guage, and he has lucidly catalogued the most dangerous trades and their symptoms, and in 
each case specified the best methods of dealing with them. ... To those for whom the volume 
is specially designed. Dr. Parry's treatise should be a useful handbook." — Sheffield Independent. 
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*' A verv useful manual for emplovers of labour, foremen, intelligent workmen, and, in spite 
of the author's modestv, for medical men. We have the peculiar risks and dangers of all the 
dangerous trades carefully described ; the mode of action of various chemicals, etc., used in 
different industries given, with full directions how to minimise unavoidable risks." — Leeds 
Mercury. 

"Most of the trades in the country are alluded to, and upon those that are dangerous the 
necessary attention is bestowed, and means are recommended whereby danger may be pre- 
vented or lessened. The author has evidently studied his subject with care, and has made full 
use of the experience of others who have had a larger insight into the industries of the country." 
'—British Medical Journal. 

" The work is well written and printed, and its verbiage such as to be comprehensible to the 
workman no less than to the master. The careful and general perusal of a work of this nature 
cannot but be attended by beneficial results of a far-reaching nature, and we therefore heartily 
recommend the book to our readers. Medical Officers of Health and Sanitary Inspectors 
especially should find the work of great interest." — Sanitary Record. 

" It is written in simple language, and its instructions can be easily followed. . . . There 
are some employers, at any rate, who are more ignorant of, than indifferent to, the slow murder 
of their workpeople, and if the facts so succinctly set forth in this book were brought to their 
notice, and if the Trade Unions made it their business to insist on the observance of the better 
conditions Dr. Parry described, much might be done to lessen the workman's peril." — Weekly 
Times and Echoi 



PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. 12 Plates from Photographs of X Ray 
Work. 52 Illustrations. 200 pp. 1901. Price 10s. 6d. ; India and 
Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Part L, Historical — Chapters I., Introduction. — II., Work leading up to the Discovery of 
the X Rays.— III., The Discovery. 

Part II., Apparatus and its Manasrement — Chapters I., Electrical Terms. — II., Sources 
of Electricity.— III., Induction Coils. — IV., Electrostatic Machines. — V., Tubes. — VI., Air 
Pumps. — VII., Tube Holders and Stereoscopic Apparatus. — VIII., Fluorescent Screens. 

Part III., Practical X Ray Woric— Chapters I., Installations.- II., Radioscopy.— III., 
Radiography.— IV., X Rays in Dentistry.— V., X Rays in Chemistry.— VI., X Rays in War.— 
Index. 

List Of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V., Stellate 
Fracture of Patella showing shadow of "Strapping". — VI., Sarcoma. — VII., Six-weeks'-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set.— IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XL, Bar- 
ren's Method of Localisation. 



DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two Diagrams and Thirteen Tables. Demy 
8vo. 1901. 72 pp. Price 5s.; India and Colonies, Ss. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Preface.— British and Metric Systems Compared — Centigrade and Fahr. Thermometers. — 
Chapters I., Introduction. — IL, Estimation of the Maximum Weight of Saturated Aqueous 
Vapour which can be contained jn 1 kilo, of Air at Different Pressure and Tempera- 
tures. — III., Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure : 
A, With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus. — B, When the Atmospheric Air is Completely Saturated 
before entry, but at its exit is only |, i or J Saturated.— C, When the Atmospheric Air is not 
Saturated with Moisture before Entering the Drying Apparatus. — IV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere. — V., Drying by Means of Superheated Steam, without Air. — VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat. — Index. 
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Leather Trades. 

THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. Standage. 165 pp. 1900. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather. — II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc. — III., Leather Grinders' Sundries. — IV., Currier's Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc. — V., Dyes and Stains for Leather. — 
VI., Miscellaneous Information. — VII., Chrome Tannage. — Index. 

Press Opinions. 

'* The book being absolutely unique, is likely to be of exceptional value to all whom it con- 
cerns, as it meets a long-felt want." — Birmingham Gazette. 

" This is a valuable collection of practical receipts and working formulae for the use of those 
engaged in the manipulation of leather. We have no hesitation in recommending it as one of 
the best books of its kind, an opinion which will be endorsed by those to whom it appeals." — 
Liverpool Mercury. 

*' We think we may venture to state, so far as the opinion of the leather trade under the 
Southern Cross is concerned, that it will be one of approval. As practical men, having a long 
and wide experience of the leather trade in Australia, we are certain that there are many 
tsuiners and curriers carrying on business in remote townships of the colonies to whom such a 
manual of practical recipes will be invaluable. . . . This manual is not a mere collection of re> 
cipes for the various purposes to which they may be applied, but it is also replete with instruc- 
tions concerning the nature of the materials recommended to be used in making up the recipes. 
. . . We think every intelligent leather man should avail himself of the manual. It is un- 
doubtedly a valuable contribution to the technology of the leather trade." — Australian Leather 
Journal and Boot and Shoe Recorder. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. A Translation of Villon's 
'• Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ". 
By Frank T. Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Illustrations. Price Sis. ; India and Colonies, 22s. ; Other Countries, 
23s. 6d. ; strictly net. 

Contents. 

Preface — Translator's Preface — List of Illustrations. 

Part I., Materials used in Tanning— Chapter I., Skins : I., Skin and its Structure ; II., 
Skins used in Tanning; III., Various Skins and their Uses — Chapter II., Tannin and Tanning 
Substances: I., Tannin; II., Barks (Oak): III., Barks other than Oak; IV., Tanning 
Woods; v.. Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs; IX., Tanning Juices ; X., Tanning Substances used in Various 
Countries; XI., Tannin Extracts; XII., Estimation of Tannin and Tannin Principles. 

Part II., Tanning — Chapter 1., The Installation of a Tannary: I., Tan Furnaces; II,, 
Chimneys, Boilers, etc.; III., Steam Engines — Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; III., The Grinding of Tan 
Woods; IV., Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark — Chap- 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants* Hides; 
VII., Drying; VIII., Striking or Pinning — Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning; 
v.. Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides— Chap 
ter v.. On Various Methods of Tanning: I., Mechanical Methods; 11., Physical Methods; 
III.. Chemical Methods; IV., Tanning with Extracts— Chapter VI., Quantity and Quality: 
I., Quantity; II., Net Cost; III., Quality of Leather — Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather — 
Chapter VIII., Tanning Various Skins. 

Part III., Curryingr— Chapter I., Waxed Calf: I., Preparation; II., Shaving; III., 
Stretching or Slicking; IV.. Oiling the Grain; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XI., Cost— Chapter II., White Calf: I., Finishing in White— Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide.— 
Chapter IV., Smooth Cow Hide— Chapter V., Black Leather— Chapter VI., Miscellaneous 
Hides: I., Horse; II.. Goat; III., Waxed Goat Skin; IV., Matt Goat Skin— Chapter VII., 
Russia Leather: I., Russia Leather; II.. Artificial Russia Leather. 
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Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leathei^-Chapter I., Enamelled Leather: L, Varnish Manufacture; II.. 
Application of the Enamel; III., Enamelling in Colour — Chapter II., Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV», Dressing or Loft Work; 
v., Tallowmg; VI., Hungary Leather from Various Hides — Chapter III., Tawing: I., Pre- 
paratory Operations; II., Dressing; III., Dyeing Tawed Skins; IV., Rugs — Chapter IV., 
Chamoy Leather — Chapter V., Morocco: I., Preliminary Operations; II., Morocco Tanning; 
III., Alordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours ; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; IX., Dyeing with Metallic Salts; X., Leather 
Printing; XL. Finishing Morocco; XII., Shagreen; XIIL, Bronzed Leather — Chapter VI., 
Gilding and Silvering: I., Gilding; II., Silvering; III., Nickel and Cobalt— Chapter VII., 
Parchment — Chapter VIII.. Furs and Furriery: I., Preliminary Remarks; II., Indigenous 
Furs; III., Foreign Furs from Hot Countries; IV. Foreign Furs from Cold Countries; V., 
Furs from Birds' Skins; VI., Preparation of Furs; VII., Dressing; VIII., Colouring; IX., 
Preparation of Birds' Skins; X., Preservation of Furs — Chapter IX., Artificial Leather: I., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
Mftch6; v.. Linoleum; VI., Artificial Leather. 

Part v.. Leather Testing and the Theory of Tanning— Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis — Chapter II., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: I., 
Theory of Soaking; II., Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handhng; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather Making; VIII., Theory of Tawing; IX., Theory of Chamoy 
Leather Making ; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather— Chapter I., Machine Belts : I., Manufacture of Belting ; II., 
Leather Chain Belts; III., Various Belts, IV., Use of Belts— Chapter II., Boot and Shoe- 
making: I., Boots and Shoes; II., Laces — Chapter III., Saddlery: I., Composition of a 
Saddle; II., Construction of a Saddle— Chapter IV., Harness: I., The Pack Saddle; II., 
Harness — Chapter V., Military Equipment — Chapter VI., Glove Making— Chapter VII., 
Carriage Building — Chapter VIII., Mechanical Uses. 

Appendix, The World's Commerce in Leather— I., Europe; II., America; III., Asia; 
I v., Africa ; Australasia — Index. 

Press Opinions. 

" The book is well and lucidly written. The writer is evidently a practical man, who also 
has taken the trouble to make himself acquainted with the scientific and technical side of his 
trade. . . . French methods differ largely from our own ; sometimes we think our ways the 
best, but not always. The practical man may pick up many useful hints which may help him 
to improve his methods." — 5hoe Manufacturers' Monthly Journal. 

" This book cannot fail to be of great value to all engaged in the leather trades. . . . The 
British may believe that the French can teach them nothmg in the work of leather tanning 
generally, but a comparison of the methods of the two countries will certainly yield a few 
wrinkles which may lead to advantag|eous results. Only a man understanding the science and 
technique of the trade could have written the book, and it is well done." — Midland Free Press. 

" Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather. Written by a French Chemist after five 
years of constant study and application ; it shows all that detail of analysis which we are 
accustomed to find in scientists, and which the practical tanner is too much in the habit of 
ignoring, sometimes to his own loss."— L^^rfs Mercury. 

" Nor can there be much doubt that this expectation will be fully ^'ustified by the result. 
Thanks to the conspicuous painstaking with which Mr. Addyman has discharged his duty, and 
the 123 illustrations by which the text is elucidated, the volume can hardly fail to prove a very 
valuable standard work of its class. It can thus be confidently recommended to all who are 
more or less practically interested in the technology of a very important subject." — Leicester 
Post. 

" This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . . It is a handsome addition 
to every man's knowledge of his trade, whether he be a leading director of a large public com- 
pany, or an industrious employee in the works, wishing to improve his services by the addition 
of his brains to his work." — Shoe and Leather Trader. 

" M. Villon writes as one having a very full knowledge of all branches of the subject, and in 
days when foreign competition has enforced on Englisn manufacturers the importance of no 
longer being content with rule-of-thumb methods which have come down to them from their 
forefathers it certainly should be worth the while of English tanners to see what lessons they 
can learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume." — Western Daily Press and Bristol Times. 

" At a time when all or nearly all our British industries are to a greater or less extent 
hampered by the pressure of continental and American competition, any hints that can be 
obtained as to the methods pursued by competitors must necessarily be of value. . . . That it 
will be of interest and value, not merely to English tanners, but to those associated with many 
kindred industrial branches, goes withoot saying. ... As a work of reference the volume will 
be extremely useful in the trade, and where leisure affords sufficient opportunity a careful 
perusal and study of it would afford ample reward." — Kettering Guardian. 

"This is a very handsomely got up and elaborate work just issued by this well-known 
technical book-publishing firm. . . . When we say that the work consists of over 500 large 
pages with about 120 illustrations, and almost innumerable tables, it will be seen at once that 
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•we cannot attempt anything like an exhaustive risumi of its contents, and even if we did the 
details would be of little interest to our general readers, while those who are engaged in the 
leather industry will probably obtain the book for themselves — at least they would do well to 
do so. . . . Altogether the * Treatise ' has evidently been very carefully prepared, and by a man 
who thoroughly knows the subject, and hence it will be a very valuable technical book for 
English firms and workers.* — Walsall Observer. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Revised 

and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
and Colonies, 18s. 6d. ; Other Countries, 20s. ; strictly net. 

Contents. 

Introduction. The Rise and Progress of the Potter's Art. — Chapters I., Bodies. China 
and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips. — II., Qiazes* China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours. — III., 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Under^Iaze Colours, 
Flow Powders, Oils and Varnishes.— IV., Means and Methods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.— V., Classification 
and Analysis. Classification of Cl^ Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count. — ^VI., Comparative Loss of Weight of Clays. — VII., Ground Felspar Calculations. — 
VIII., The Conversion of Slop Body Recipes into Dry Weight.— IX., The Cost of Prepared 
Earthenware Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Table. 
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. Index. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. 1897. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, ISs. ; strictly net. 

Contents. 

Preface. — Introduction. — Chapters I., The Chemistry of Pottery.— II., Analysis and Syn- 
thesis. — III., Clays and their Components.— IV., The Biscuit Oven. — V., Pyrometry. — VI., 
Glazes and their Composition. — ^VII., Colours and Colour-making. — Index. 

RECIPES FOR FLINT GLASS MAKING. By a British, 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contams remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d. ; Abroad. 15s. ; United States, $4 ; 
strictly net. 

Contents. 

Ruby— Ruby from Copper— Flint for using with the Ruby for Coating— A German Metal- 
Cornelian, or Alabaster— Sapphire Blue— Ciysophis—Ojpal-— Turquoise Blue — Gold Colour- 
Dark Green — Green (common)— Green for Alalachite— Blue for Malachite— Black for Mela- 
chite — Black— Common Canary Batch— Canary— White Opaque Glass— Sealing-wax Red- 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass— Paste Glass— White Enamel — 
Firestone— Dead White (for moons)— White Agate — Canary— Canary Enamel— Index. 
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COLOURING AND DECORATION OF CERAMIC 
WARE. By Alex. Brongniart. With Notes and Additions 
by Alphonse Salvetat. Translated from the French. 200 pp. 1898. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 
— ^The Chemical Preparation of Vitrifiable Colours — Composition and Preparation of Vitrifiable 
Colours — ^The Oxides — Preparation of Oxides — Preparation of Chromates — Preparation of 
other Colours— Composition and Preparation of Fluxes — Muffle Colours — Recipes for Colours 
— Use of Metals — Lustres — Preparation and Application of Colours — Composition of Coloured 
Pswtes — Underglaze Colours — Colours in the Glaze — Overglaze Colours — Painting in Vitri- 
fiable Colours-^Gilding — Burnishing — Printing — Enlarging and Reducing Gelatine Prints — 
Muffle Kilns for Vitrifiable Colours — Influence of the Material on the Colour — Changes Re- 
sulting from the Actions of the Fire — Alterations Resulting from the Colours — ^Alterations in 
Firing. 

HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By Holden M. Ashby, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents* 

List of Apparatus^List of Atomic Weights — Use of Balance, and Burette, Sand Bath, and 
Water Bath — Dessicator— Drying Oven — Filtering— Fusion — Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina, Magnesium, etc. — Mechanical 
Analysis — Rational Analysis — Standard Solutions — Volumetric AnsJysis — Standards for Clay 
Analysis — Sampling. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef6vre. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bird, 
M.A., and W. Moore Binns. Price 15s. ; India and dolonies, 16s. ; 
Other Countries, 17s. 6d. ; strictly net. 
Contents. 

Part I. Plain Undecorated Pottery.— Chapter I., Clays: § 1, Classification, General Geo- 
Ic^ical Remarks. — Classification, Origin, Locality ; § 2, General Properties and Composition : 
Pnysical Properties, Contraction, Analysis, Influence of Varlbus Substances on the Properties 
of Clays ; § 3, Working of Clay-Pits— I. Open Pits : Extraction, Transport, Cost— II. Under- 
ground Pits — Mining Laws. Chapter II., Preparation of the Clav : Weathering, Mixing, 
Cleaning, Crushing and Pulverising — Crushing Cylinders and Mills, Pounding Machines — 
Damping: Damping Machines — Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Cylinders— Particulars of the Above Machines. Chapter III., Bricks : § 1, Manufacture 
— (1) Hand and Machine Moulding. — I. Machines Working by Comi)ression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay.— II. Expression Machines: with Cylindrical Pro- 
pellers, with Screw Propellers— Dies— Cutting-tables— Particulars of the Above Machines- 
General Remarks on the Choice of Machines— Types of Installations — Estimates — Plenishing, 
Hand and Steam Presses, Particulars— (2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds— Drying-rooms in Tiers, Closed Drymg-rooms, in Tunnels, in Galleries— De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices— Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lift8-^3) Firing 
— I. In Clamps— II. In Intermittent Kilns. A^ Open: a, using Wood; b Coal; t/, in Clamps; 
b". Flame— J9, Closed: c, Direct Flame; c', Rectangular; c", Round; d, Reverberatory— III. 
Continuous Kilns : C, with Solid Fuel : Round Kiln, Rectangular Kiln, Chimne^^ (Plans and 
Estimates)— D, With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln— Heat Production of the Kilns ; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks— Hollow Bricks, Dimensions and Prices of Bricks, Various 
Shapes, Qualities— Various Hollow Bricks, Dimensions, Resistance, Qualities ; § 3, Applications 
— History— Asia, Africa, America, Europe : Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture — Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Holland, France, America— Use of Bricks— Walls, Arches, Pavements, 
Flues, Cornices— Facing with Coloured Bricks — Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture— (1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste— Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles— Screw, Cam and Revolver Presses— Particulars of Tile-presses — (2) Drying— 
Planchettes, Shelves, Drying-barrows and Trucksy-(3) Firing— Divided Kilns— Installation of 
Mechanical Tileworks- Estimates ; § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile— Ancient Tiles : Flat, Round, Roman, Flemish— Modern Tiles — With Vertical Inter- 
rupted Join: Gilardoni's, Martin's; Hooked, Boulet's Villa; with Vertical Continuous Join: 
Muller's, Alsace, Pantile — Foreign Tiles— Special Tiles— Ridge Tiles, Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular — Roofing Accessories : Chimney-pots, 
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Mitrons, Lanterns, Chimneys — Qualities of Tiles— Black Tiles— Stoneware Tiles— Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes — Manufacture — Moulding : Horizontal 
Machines, Vertical Machines, Worked by Hand and Steam — Particulars of these Machines* 
— Drying — Firing — II. Chimney Flues — ^Ventiducts and " Boisseaux," " Waggons " — Particulars 
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordmary Clay ; 2, of Cleaned 
Clay — Machines, Cutting, Mixing, Polishing — Drying and Firing — Applications — Particulars of 
Quarries. Chapter Vll., Terra-cotta : History — Manufacture — Application : Balustrades, 
-Columns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
— Appendix : Official Methods of Testing Terra-cottas. 

Part II. Made-up or Decorated Pottery. — Chapter I., General Remarks on the Deco- 
ration of Pottery : Dips — Glazes : Composition, Colouring, Preparation, Harmony with 
Pastes — Special Processes of Decoration — Enamels, Opaque, Transparent, Colours. Under- 

flaze, Over-glaze — Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence, 
rustres. Chapter II., Glazed and Enamelled Bricks — History: Glazing — Enamelling — Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware — Enamelled 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries— 1, Decorated with Dips— 2, 
Stoneware: A^ Fired to Stoneware; a, of Slag Base — ^Applications; 6, of Melting Clay — 
Applications — B, Plain or Incrusted Stoneware ; a, of Special Clay (Stoke-on-Trent) — Manu- 
^cture — Application — 6, of Felspar Base — Colouring, Manufacture, Moulding, Drying, Firing 
— Applications. — II. Facing Quarries — 1, in Faience — A, of Limestone Paste — B^ of Silicious 
Paste — C, of Felspar Paste — Manufacture, Firing — 2, of Glazed Stoneware — 3, of Porcelain — 
Applications of Facing Quarries. — III. Stove Quarries — Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V., 
Sanitary Pottery : Stoneware Pipes : Manufacture, Firing — ^Applications — Sinks — Applications 
— Urinals, Seats and Pans — ^Applications — Drinking-fountains, Washstands. Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY, Ing^nieur des Arts et Manufactures. Translated from the 
French by Wilton P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 
the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
21s. ; India and Colonies, 22s. ; Other Countries, 2ds. 6d. ; strictly net. 
Contents. 

Part I., General Pottery Methods. Chapters I., Definition and History. Definitions 
2nd Classification of Ceramic Products — Historic Summary of the Ceramic Art. — II., Raw 
Materials of Bodies. Clays : Pure Clay and Natural Clays — ^Various Raw Materials : Analogous 
to Clay — ^Agglomerative and Agglutmative — Opening — Fusible — Refractory — Trials of Raw 
Materials. — III., Plastic Bodies. Properties and Composition — Preparation of Raw Materials: 
Disaggregation — Purification — Preparation of Bodies : By Plastic Method — By Dry Method — 
By Liquid Method. — IV., Formation. Processes of Formation : Throwing — Expression — 
Moulding by Hand, on the Jolley, by Compression, by Slip Casting — Slapping — Slipping. — V., 
Drying. Drying of Bodies — Processes of Diying: By Evaporation — By Aeration — By 
Heating — By Ventilation — By Absorption. — VI., Glazes. Composition and Properties — Raw 
Materials — Manufacture and Application. — ^VII.. Firing. Properties of the Bodies and Glazes 
during Firing — Description of the Kilns— Working of the Kilns. — VIII., Decoration. Colouring 
Materials — Processes of Decoration. 

Part II., Special Pottery Methods. Chapters IX., Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles — 
Paving Tiles — Pipes — Architectural Terra Cottas — ^Vases, Statues and Decorative Objects — 
Common Pottery— Pottery for Water and Filters— Tobacco Pipes — Lustre Ware — Properties 
and Tests for Terra Cottas. — X., Fireclay Goods. Classification: Argillaceous, Aluminous, 
Carboniferous, Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay 
Goods. — XL, Faiences. Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipe- 
clay Faiences — Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture 
and General Arrangements of Faience Potteries. — XI L, Stoneware. Stoneware Properly So- 
called: Paving Tiles— Pipes— Sanitary Ware— Stoneware for Food Purposes and Chemical 
Productions — Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine 
Stoneware. — XIII., Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, 
for Electrical Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit 
Porcelain — Soft Phosphated or English Porcelain— Soft Vitreous Porcelain, French and New 
Sevres— Argillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Felds- 
pathic Soft Porcelain. — Index. 

THE ART OP RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 
1900. Price Is. net; by post, home or abroad, Is. Id. 
Contents. 

Tools and Materials Required— Wire Used for Rivets— Soldering Solution— Preparation 
for Drilling— Commencement of Drilling — Cementing — Preliminaries to Riveting — Rivets to 
Make— To Fix the Rivets— Through-and-through Rivets— Soldering— Tinning a Soldering-iron 
— Perforated Plates, Handles, etc. — Handles of Ewers, etc^Vases and Comports— Marble 
and Alabaster Ware — Decorating — How to Loosen Fast Decanter Stoppers — China Cements. 
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NOTES OP POTTERY CLAYS. Their Distribution, Pro^ 

perties, Uses and Analyses of Ball Clays, China Clays and China 

Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 

3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 

Definition*— Occurrence— Brick Clays— Fire Clays— Analyses of Fire Clays.— Ball Clays — 
Properties— Analyses — Occurrence — Pipe Clay — Black Clay — Brown Clay — Blue Clay — Dor- 
setshire and Devonshire Clays.— China Clay or Kaolin — Occurrence — Chinese Kaolin— Comisb 
Clays— Hensbarrow Granite — Properties, Analyses and Composition of China Clays — 
Method of Obtaining China Clay — Experiments with Chinese Kaolin — Analyses of Chinese 
and Japanese Clays and Bodies — Irish Clan's.— Chinese Stone — Composition — Occurrence — 
Analyses. — Index. 

PAINTING ON GLASS AND PORCELAIN ANI> 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By Felix Hermann, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 
Contents. 

History of Glass Painting. — Chapters I., The Articles to be Painted : Glass, Porcelain,. 
Enamel, Stoneware, Faience. — 1 1., Pigments : 1, Metallic Pigments: Antimony Oxide, Naples- 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide. — III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid,. 
Potassium and Sodium Carbonates, Rocaille Flux. — IV., Preparation <n the Colours for Glass 
Painting.— v.. The Colour Pastes.— VI., The Coloured Glasses.— VII., Composition of the 
Porcelain Colours. — VIII., The Enamel Colours: Enamels for Artistic Work.— IX., Metallic 
Ornamentation: Porcelain Gilding, Glass Gilding. — X., Firing the Colours: 1, Remarks on 
Firing: Firing Colours on Glass, Firing Colours on Porcelain; 2, The MufBe.— XI., Accidents- 
occasionallv Supervening during the Process of Firing. — XII., Remarks on the Diflferent 
Methods of Painting on Glass, Porcelain, etc. — Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 

" Mr. Hermann, by a careful division of his subject, avoids much repetition, yet makes- 
sufficiently clear what is necessary to be known in each art. He gives very many formulae : 
and his hints on the various applications of metals and metallic lustres to glass and porcelains 
will be found of much interest to the amateur." — A rt A mateur^ New York. 

" For the unskilled and amateurs the name of the publishers will be sufficient guarantee for 
the utility and excellence of Mr. Hermann's work, even if they are already unacquainted with 
the author. . . . The whole cannot fail to be both of service and interest to glass workers and 
to potters generally, especially those employed upon high-class work." — Staffordshire Sentinel. 

" In Painting on Glass and Porcelain the author has dealt very exhaustively with the 
technical as distinguished from the artistic side of his subject, the work being entirely devoted 
to the preparation of the colours, their application and firing. For manufacturers and students- 
it will be a valuable work, and the recipes which appear on almost every page form a very 
valuable feature. The author has gained much of his experience in the celebrated Sevres- 
manufactory, a fact which adds a good deal of authority to the work." — Builders Journal. 

'*The compiler displays that painstaking research characteristic of his nation, and goes at 
length into the question of the chemical constitution of the pigments and fluxes to be used in 
glass-painting, proceeding afterwards to a description of the methods of producing coloured 
glass of all tints and shades. . . . Very careful instructions are given for the chemical and 
mechanical preparation of the colours used in glass-staining and porcelain-painting; indeed, 
to the china painter such a book as this should be of permanent value, as the author claims to 
have tested and verified every recipe he includes, and the volume also comprises a section de- 
voted to enamels both opaque and translucent, and another treating of the firing of porcelain, 
and the accidents that occasionally supervene in the furnace." — Daily Chronicle. 

A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 
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Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
1899).— Chapters I., Prellmlnaiy Remarks.— II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, 
Penton, Lane Delph, Foley, Lane End.— III., On the Orisrln of the Art, and its Practice 
among the early Nations.— IV., Manufacture of Pottery, prior to 1700.— V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690.— VI., Proffress of the Manu- 
acture from 1700 to Mr. Wedgwood's commencement in 1760.— VII. Introduction of Fluid 
QIaze. — Extension of the Manufacture of Cream Colour.— Mr. Wedgwood's Queen's Ware. — 
Jasper, and Appointment of Potter to Her Majesty.— Black Printing.— VIII., Introduction 
of Porcelain. Mr. W. Littler's Porcelain.— Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent. — Sold to Mr. Champion— resold to the New Hall Com. — Extension of 
Term.— IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton. — Great Change in Patterns of Blue 
Printed. — X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 

'* There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissuing it." — Burton Mail. 

** Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry." — Derby 
Mercury, 

" The book will be especially welcomed at a time when interest in the art of pottery manu- 
facture commands a more widespread and general interest than at any previous time." — 
Wolverhampton Chronicle. 

"This work is all the more valuable because it gives one an idea of the condition of af^rs 
existing in the north of Staffordshire before the great increase in work and population due to 
modem developments." — Western Morning News. 

. . The History gives a graphic picture of North Staffordshire at the end of the last and 
the beginning of the present century, and states that in 1829 there was ' a busy and enterprising 
community ' m the Potteries of fifty thousand persons. . . . We commend it to our readers as 
a most entertaining and instructive publication." — Sta^ordshire Sentinel. 

A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price Hs. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.—Chapters I., Introduction : Laboratory and 
Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
Mixed) Insoluble, Particular Analytic Processes. — II., Temperature: Coal, Steam Heat for 
Printers* Stoves. — III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations.— IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert. — ^V., Metals : ReciprocalCombinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Stiver, 
Tin, Zinc 

PART II., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art. — II., Science of Mixinflf : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies: Porcelain— Hard, Porcelain— Fritted Bodies, 
Porcelain— Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc. — IV., QIazes : Porcelain — 
Hard Fritted, Porcelam— Soft Fritted, Porcelain— Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial bpal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments. — V., Colours : Colour Making, Fluxes or 
Sowents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer's Oil, Lustres. 



22 

PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES.— Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen 
ditto, Chlorine ditto. Bromine ditto. Iodine ditto. Fluorine ditto. Phosphorous ditto. Boron ditto, 
Carbon ditto, Hydrogen ditto. Observations, Ammonium and its Compounds (Tables), Thorium 
ditto. Zirconium ditto, Aluminium ditto. Yttrium ditto, Glucinum ditto. Magnesium ditto. 
Calcium ditto, Strontium ditto. Barium ditto. Lithium ditto. Sodium and its Coirpounds 
Potassium ditto, Observations, Selenium and its Compounds (Tables), Arsenic ditto, Chromium 
ditto. Vanadium ditto. Molybdenum ditto. Tungsten ditto. Antimony ditto, Tellurium ditto. 
Tantalum ditto. Titanium ditto, Silicium ditto. Osmium ditto. Gold ditto. Iridium ditto, Rhodium 
ditto. Platinum ditto. Palladium ditto. Mercury ditto, Silver ditto. Copper ditto, Uranium ditto. 
Bismuth and its Compounds, Tin ditto, Lead ditto. Cerium ditto. Cobalt ditto. Nickel ditto. 
Iron ditto, Cadmium ditto. Zinc ditto, Manganese ditto. Observations, Isomorphous Groups, 
Isomeric ditto, Metameric ditto. Polymeric ditto. Index. 

Press Opinions. 

" This interesting volume has been kept from the pencil of the modem editor and reprinted 
in its entirety by the enterprising publishers of The Pottery Gazette and other trade Journals. 
. . . There is an excellent historical sketch of the origin and progress of the art or pottery 
which shows the intimate knowledge of classical as well as (the then) modern scientific litera- 
ture possessed by the late Dr. Shaw ; even the etymology of many of the Staffordshire place- 
names is given." — Glasgow Herald. 

" The historical sketch of the origin and prepress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumma and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion of the book nuy 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours." — Birmingham Post. 

** Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, likely to aid the Staffordshire manufacturers, and their spirited enter- 
prise is worthy of encouragement, for the utility of technical literature bearing upon the 
I ractical side of potting goes without saying. . . . They are to be congratulate on thc«r 
enterprise in republishing it, and we can only hope that they will meet with the support they 
deserve. It seems to be a volume that is worth looking through by both manufacturers and 
operatives alike, and all local institutions, at any rate, should secure copies." — Sta^ordshire 
Sentinel. 



Paper Making* 



THE DYEING OP PAPER PULP. A Practical Treatise for 
the use of Papermakers, Paperstainers, Students and others. By 
Julius Ekfurt, xManager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. 1901. Price 15s.; India and Colonies, 16s.; Other 
Countries, 20s. ; strictly net. Limited edition. 
Contents. 
L, Behaviour of the Paper Fibres during: the Process of Dyeingr, Theory of the 
Mordant — Cotton; Flax and Hemp: Espano; Jute; Straw Cellulose; Chemical and Mechani- 
cal Wood Pulp; Mixed Fibres; Theory of Dyeing.— II., Colour Flxinsr Mediums (Mordants) 
— Alum; Aluminium Sulphate; Alummium Acetate: Tin Crystals (Stannous Chloride); Cop- 
peras (Ferrous Sulphate): Nitrate of Iron (Ferric Sulphate); Pyrolijgnite of Iron (Acetate of 
Iron) ; Action of Tannic Acid ; Importance of Materials containing Tannin ; Treatment with 
Tannic Acid of Paper Pulp intended for dyeing ; Blue Stone (Copper Sulphate) ; Potassium 
Bichromate ; Sodium Bichromate ; Chalk (Calcjum Carbonate) ; Soda Crystals (Sodium Car- 
bonate); Antimony Potassium Tartrate (Tartar Emetic). — III., Influence of the Quality of 
the Water Used.— IV., Inorgfanic Colours— 1. Artificial Mineral Colours: Iron Buff; Man- 
ganese Bronze; Chrome Yellow (Chromate of Lead); Chrome Orange (Basic Chromate of 
Lead) ; Red Lead ; Chrome Green ; Blue with Yellow Prussiate ; Prussian Blue ; Method for 
Producing Prussian Blue free from Acid ; Ultramarine — 2. Natural Mineral Colours (Earth 
Colours) : Yellow Earth Colours ; Red Earth Colours ; Brown Earth Colours ; Green, Grey and 
Black Earth Colours: White Earth Colours; White Clay (China Clay); White Gypsum; 
Baryta; Magnesium Carbonate; Talc, Soapstone. — V., Orfifanic Colours — 1. Colours of 
Vegetable and Animal Origin: {a) Substantive (Direct Dyeing) Colouring Matters: Annatto; 
Turmeric ; Saflflower ; (b) A djective (Indirect Dyeing) Colouring Matters : Redwood ; Cochineal ; 
Weld; Persian Berries; Fustic Extract; Quercitron; Catechu (Cutch); Logwood Extract — 2. 
Artificial Organic (Coal Tar) Colours: Acid Colours; Basic Colours; Substantive (Direct 
Dyeing) Colours; Dissolving of the Coal Tar Colours; Auramine°°; Naphthol Yellow S°; 

guinohne YellowO; Metanil Yellow^; Paper Yellow©; Azoflavine RS®, S°; Cotton Yellow 
XX and Rxx; Orange IP; Chrysoidine Ao°, RL<»; Vesuvine Extra°°; Vesuvine BC«»; Fast 
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Brown°,Naphthylainine Brown° ; Water Blue IN° ; Water Blue TB° ; Victoria Blue B'^^ ; Methy- 
lene Blue MD°°; Nile Blue R°°; New Blue S°°; Indoine Blue BB°0; Bosine442 Nx; Phloxine 
BBN ; Rhodamine B^; Rhodamine 6G°°; Naphthylamine Red G° ; Fast Red A*'; Cotton 
Scarlet° ; Erythrine RRo ; Enrtbrine X° ; Erythrine P° ; Ponceau 2 R° ; Fast Ponceau G° and 
B°; Paper Scarlet P^^^; Saffranine PP*>°; Magenta Powder A^^; Acetate of Magenta°° ; 
Cerise D 10°°; Methyl Violet BB°°; Crystal VioletO^; Acid Violet 3 BN°, 4 R°: Diamond 
Green B°°; Nigrosine WL°; Coal Black°S; Brilliant Black B°.— VI., Practical Application 
of tbe Coal Tar Colours according: to their Properties and their Behaviour towards 
the Different Paper Fibres— Coal Tar Colours, which rank foremost, as far as their fastness 
to light is concerned ; Colour Combinations with which colourless or nearly colourless Back- 
water is obtained ; Colours which do not bleed into White Fibres, for Blotting and Copying 
Paper Pulp; Colours which produce the best results on Mechanical Wood and on Unbleached 
Sulphite Wood; Dyeing of Cotton, Jute and Wool Half-stuff for Mottling White or Light 
Coloured Papers ; Colours suitable for Cotton ; Colours specially suitable for Jute Dyeing ; 
Colours suitable for Wool Fibres.— VII., Dyed Patterns on Various Pulp Mixtures- 
Placard and Wrapping Papers; Black Wrapping and Cartridge Papers; Blotting Papers; 
Mottled and Marbled Papers made with Coloured Linen, Cotton and Union Rags, or with 
Cotton, Jute, Wool and Sulphite Wood Fibres, dyed specially for this purpose ; Mottling with 
Dark Blue Linen ; Mottling with Dark Blue Linen and Dark Blue Cotton ; Mottling with Dark 
Blue Cotton ; Mottling with Dark Blue and Red Cotton ; Mottling with Dark Red Cotton ; 
Mottling of Bleached Stuff, with 3 to 4 per cent, of Dyed Cotton Fibres ; Mottling with Dark 
Blue Union (Linen and Wool or Cotton Warp with Wool Weft) ; Mottling with Blue Striped 
Red Union : Mottling of Bleached Stuff with 3 to 4 per cent, of Dyed Wool Fibres; Mottling 
of Bleached Stuff with 3 to 4 per cent, of Dyed Jute Fibres; Mottling of Bleached Stuff with 
S to 4 per cent, of Dyed Sulphite Wood Fibres; Wall Papers: Packing Papers.— VIII., 
DyelnsT to Shade— Index. 

Press Opinions. 

" The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Journal. 

" The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 1^ in all— twelve of which, made in England, have been added to the original German 
series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student's or 
practitioner's experiments can be tested. ... On the whole the publication is one of distinct 
importance to the trade, and will no doubt speedily become a standard work of reference 
sunongst papermakers, both in the ' lab.' and the office, as well as being an excellent text-book 
for the use of students in the increasing number of technical institutes in which papermaking 
is taught." — World's Paper Trade Review, 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. An Introduction to the 
Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — V., Fluxes. — VI., Pig- 
ments. — ^VII., Decolorising Agents. — VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making. — XI., 
Mixing the Materials. — XII., The Preparation of Technical Enamels, The Enamel Mass. — 
XIII., Appliances for Smeltmg the Enamel Mass.— XIV., Smelting the Charge.— XV., Com- 
position of Enamel Masses. — XVI., Composition of Masses for Ground Enamels. — XVII., 
Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXI., Applying and Firing the 
Cover Enamel or Glaze.— XXII., Repairing Defects in Enamelled Ware.— XXIII., Enamelling 
Articles of Sheet Metal.— XXIV., Decorating Enamelled Ware.— XXV., Specialities in Ena- 
melling. — XXVI., Dial-plate Enamelling. — XXVII., Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours. — Index. 

Press Opinions. 

" Should prove of great service to all who are either engaged in or interested in the art of 
^nasneWing"—! ewellers and Watchmakers' Trade Advertiser. 

" I must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost." — J. Minchin, Jr., Porto, Portugal, 22nd July, 1900. 

*' This is a very useful and thoroughly practical treatise, and deals with every branch of the 
enameller's art. The manufacture of enamels of various colours and the methods of their 
application are described in detail. Besides the commoner enamelling processes, some of the 
more important special branches of the business, such as cloisonne work are dealt with. The 
work is well got up, and the illustrations of apparatus are well executed. The translator is 
evidently a man well acquainted both with the German language and the subject-matter of the 
book." — Invention. 
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** This is a most welcome volume, and one for which we have long waited in this country. 
For years we have been teaching design applied to enamelling as well as to several other 
crafts, but we have not risen to the scientific side of the question. Here is a handbook dealing 
>Aith the composition and makinfl of enamels for application to metals for the most part, but 
also for other allied purposes. It is written in a thoroughly practical way, and its author — 
Paul Randau — has made its subject a very particular study. The result, like almost all things 
which come from the German chemical expert, is a model of good workmanship and arrange- 
ment, and no one who is in search of a handbook to enamelling, no matter whether he is a 
craftsman producing his beautiful translucent colours on gold, silver and copper, or the hollow- 
ware manufacturer making enamelled saucepans and kettles, can wish for a more useful 
practical manual." — Birmingham Gazette. 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp. 
1900. Price 28. 6d. ; Abroad, Ss. ; strictly net. 
Contents. 

Chapters I., History — Cloisonne — Champs Leve — ^Translucent Enamel — Surface Painted 
Enamels. — II., Cloisonne — Champs Lev6s — Translucent — Painted. — III., Painted Enamel — 
Apinratus — Furnaces and Muffles for Firing. — IV., The Copper Base or Plate — Planishing — 
Cloisons — Champ Lev6 Plates. — V., Enamels — Trituration — Washing — Coating a Plate with 
Enamel — Firing Ordinary Plaques for Painting — Designing — Squaring off. — VI., Designs for 
Cloisonn6 — Designs for Painted Enamels — Technical Processes — Brushes, etc, — Colours — 
Grisaille — Full-coloured Designs. 

Press Opinion. 

" The information conveyed in The Art o/ Enamelline on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
most interesting branch of decorative art. All necessary requisites are fully described and 
illustrated, and the work is one, indeed, which any one may pursue with interest, for those who 
are interested artistically in enamels are a numerous body." — Hardware Metals and Machinery. 



Books on Textile and Dyeing 
Subjects. 

THE TECHNICAL TESTING OP |YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1901. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yarn Testing. HI-. Detertniningr thn Yam Number.— IV., Testine the Lensrth of 
Yams.— v., Examination of the External Appearance of Yam.- VI., Determinine the 
Twist of Yam and Twist.— VII., Determination of Tensile Strengrth and Elasticity.— 
VIII., Estimating: the Percentagre of Fat in Yarn.— IX., Determination of Moisture 

(Conditioning).— Appendix. 

Press Opinions. 

"It would be well if our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture." — Manchester Courier. 

"This is probably the most exhaustive book published in English on the subject dealt with. 
. . . We have great confidence in recommending the purchase of this book by all manu- 
facturers of textile goods of whatever kind, and are convinced that the concise and direct way 
in which it is written, which has been admirably conserved by the translator, renders it 
peculiarly adapted for the use of English residers."— Textile Recorder. 

" A careful study of this book enables one to say with certainty that it is a standard work on 
the subject. Its importance is enhanced greatly by the probability that we have here, for the 
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac- 
tical expert, of the best technical methods for the testing of textile materials, whether in the 
raw state or in the more or less finished product." — Glasgow Herald. 

"The author has endeavoured to collect and arrange m systematic form for the first time 
all the data relating to both physical and chemical tests as used throughout the whole of the 
textile industry, so that not only the commercial and textile chemist, who has frequently to 
reply to questions on these matters, but also the practical manufacturer of textiles and his 
subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The 
book is profusely illustrated, and the subjects of these illustrations are clearly described." — 
Textile Manufacturer. 
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DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. DemySvo. 132 Designs and Illustrations. Price 
78. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., A Few Hints on Designing Ornamental Textile Fabrics. — II., A Few Hints on 
Designing Ornamental Textile Fabrics (continued). — III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets.— VIII., Tapestry Carpets.— IX., Ingrain Carpets.— X.^ 
Axminster Carpets. — XI., Damask and Tapestry Fabrics. — XII., Scarf Silks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI., Figured Plush. 
—XVII., Bed Quilts.— XVIII., Calico Printing. 

Press Opinions. 

"The book can be strongly recommended to students and practical men." — Textile Colounst.. 

" Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

** The bo«k is to be commended as a model manual, appearing at an opportune time, since 
every day is making known a growing desire for development in British industrial art." — 
Dundee Advertiser. 

" Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on ' Designing Ornamental Textile Fabrics '." — 
Nottingham Daily Guardian. 



POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-Six Diagrrams in Colours. 150 pp. 1900. Crown 8vo. Price 
78. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

I., Power-Loom Weaving: in General. Various Systems of Looms.— II., MountingT 

and Startinar the Power- Loom. English Looms.— Tappet or Treadle Looms.— Dobbies. — 

III., OeneralRemaricson the Numbering. Reelingr and Packing: of Yarn.— Appendix.— 

Uaeful Hints. Calculating Warps.— Weft Calculations. — Calculations of Cost Price in Hanks. 

Press Opinions. 

"A long-felt want in the weaving industry has been supplied^by the issue of a cheap volume 
dealing with the subject." — Belfast Evening Telegraph. 

"The work has been clearly translated from the German and published with suitable 
illustrations. . . . The author has dealt very practically with the subject." — Bradford Daily 
Telegraph. 

*' The book, which contains a number of useful coloured diagrams, should prove invaluable 
to the student, and its handy form will enable it to become a companion more than some cum- 
brous work." — Cotton Factory Times. 

" The book has been prepared with great care, and is most usefully illustrated. It is a capital 
text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving 
industry will find its suggestions heXptxiV— Northern Daily Telegraph. 

" The various systems are treated in a careful manner ; also the different looms and their 
manufacture, as well as the whole processes of the work. Yarn numbering according to various 
systems, with conversion tables and numerous coloured diagrams, materially assist to a clear 
comprehension of the subject." — Northern Whi^. 

"The 'inside ' managers of our textile mills m which the work is complex or greatly varied^ 
and where yams of different materials are in use, will find this work convenient for reference in 
case of novelty or difficulty. We may also sav the same in relation to the textile student. Its 
description of the parts of the loom and their functions will be of use to the latter, being of the 
most elementary kind." — Textile Mercury. 

"The author attempts to fill a ^ap in weaving literature caused by the neglect of many- 
obscure points connected with the mdustry. A short review is given of the power-loom as a 
whole, followed by a description of the different parts of the machinery with their advantages 
and defects. . . . The book is severely technical, but must on that account be very valuable to 
the pupil who is determined to master this industrial art." — Cheshire County News. 

" It is clear and concise, and gives just that knowledge in quality and amount which anv 

student of the weaving industry ought to consider as a minimum necessary for his thorough 

comprehension of his future profession. The handiness and variety of the information com- 

orised in Section III., dealing with the numbering and reeling of yarns employed in the various 

Items in different countries, struck us as particularly useful " — North British Daily Mail. 
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**This work brings before weavers who are actually engaged in the various branches of 
fabrics, as well as the technical student, the different parts of the general run of power- looms in 
such a manner that the parts of the loom and their bearing to each other can be readily under- 
stood. . . . The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood." — Textile Industries. 

"The book under notice is intended as an instructor to those engs^ed in power-loom weaving, 
and, judging by its compilation, the author is a thorough master or the craft. It is not over- 
loaded with details, and he manages to compress in a book of some 150 pages all that one can 
possibly wish to know about the different parts of the machinery, whether of English or foreign 
make, and for whatever kind of ck>th required. A comprehensive summary is also included of 
the various yams and methods of numbering them, ob well as a few useful hints and a number 
of cok>ured diagrams for mandarin weavings. The book is printed in bold, legible tvpe, on 
good paper, has a copious index, and is well and strongly hound."— A shton-under-Lyne Herald. 

** In dealing with the complicated parts of various classes of power-looms, the writer, who is 
one of the professors at the Royal Weaving School of Asch, brings to the work a thorough 
knowledge of the subject, and, what is of great value, he has the gift of communicating his 
knowledge in a way which is easily understood. The smallest details of loom-setting are 
entered into, and a full explanation of problems, which are a source of anxiety to many en- 
gaged in overlooking, is given. Students will find the work an admirable text-book, and all 
who are interested in weaving will see in it a valuable addition to the literature on this subject. 
. . The book is in small compass, and is crowded with valuable information." — Bradford 
Observer. 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 79. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 
Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
or Colours, The Polariscope, Phosphorescence, Fluorescence, Interference. — IL, Cause of 
Colour In Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.— III., Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementaiy Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.— IV., The Physiology of Li^ht. Structure of the Eye, Persistence of Vision, 
Subjective Colour Phenomena, Colour Blindness.— V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative I>e8ign.— VI., Colour in Decoration and 
Desiini. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour.— VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

•* This useful little book possesses considerable merit, and will be of great utility to those for 
-whom it is primarily intended." — Birmingham Post. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist." — Dyer and Calico Printer. 

** We have found the book very interesting, and can recommend it to all who wish to master 
the diffierent aspects of colour theory, with a view to a practical application of the knowledge so 
gained."— ^C/i«mts< and Druggist. 

" Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful, not only to 
the art student, but also to the craftsman, whose business it is to manipulate pigments and 
dyes." — Nottingham Daily Guardian. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter.^ 302 Illustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India^ and Colonies, lis.; 
Other Countries, 12s. ; strictly net. 

Contents. 

Raw Materials: Cotton— Wool— Flax— Hemp— Jute— Hair— Shearing Sheep — Goat 
Wool — Silk — Detection and Estimation of Textile Raw Materials in Yams and Fabrics — Tests. 
—The Technology of Spinning. Cotton Spinning : Bale Breakers— Carding— Combing 
— Roving — Mule Frames— Yarn Testing — Humidifiers. Flax Spinning*: Tow Spinning — 
String Spinning — Carded Woollen Yarn — Belt Condenser — Fine Spinning — Yam Numbering. — 
Manufacture of True Worsted Yam: Semi-Worsted Yarns.— Artificial Wool or 
"shoddy Spinning^: Spinning Shoddy.— Index. 
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THE COLOUR PRINTING OF CARPET YARNS. A 

Useful Manual for Colour Chemists and Textile Printers. By David 
Paterson, F.C.S. Seventeen Illustrations. 132 pp. DemySvo. 1900. 
Price 78. 6d. ; India and Colonies, 8s. Other Countries, 8s. 6d. ; strictly 
net. Contents. 

Chapters I., Structure and Constitution of Wool Fibre. — II., Yarn Scouring.— III., Scouring 
Materials. — IV., Water for Scouring. — V., Bleaching Carpet Yarns. — VI., Colour Making for 
Yam Printing. — VII., Colour Printing Pastes. — VIII., Colour Recipes for Yarn Printing. — 
IX., Science of Colour Mixing.— X., Matching of Colours.— XI., "Hank" Printing.— XII., 
Printing Tapestry Carpet Yarns.— XIII., Yarn Printing.— XIV., Steaming Printed Yarns.— 
XV., V^^hing of Steamed Yarns.— XVI., Aniline Colours Suitable for Yarn Printing.— XVII., 
Glossary of Dyes and Dye-wares used in Wood Yam Printing. — Appendix. 

Press Opinions. 

•* The book is worthy the attention of the trade." — Worcester Herald. 

"The treatise is arranged with great care, and follows the processes described in a manner 
at once clear and convincmg." — Glasgow Record. 

"A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yarns." — Kidderminster Times. 

" An eminent expert himself, the author has evidently strained every effort in order to make 
his work the standard guide of its class." — Leicester Post. 

" The book, which is admirably printed and illustrated, should fulfil the need of a practical^ 
guide in the colour printing of carpet yarns. — Nottingham Express. 

"The subject is very exhaustively treated in all its branches. . . . The work, which is very 
well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile 
literature." — Northern Whi^. 

" It gives an account of its subject which is both valuable and instructive in itself, and likely 
to be all the more welcome because books dealing with textile fabrics usually have little or 
nothing to sav about this way of decorating them." — Scotsman. 

"The work shows a thorough grasp of the leading characteristics as well as the minutae of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught,|the book is valuable, or 
it may be perused with pleasure as well as profit by any one havmg an interest in textile in- 
dustries." — Dundee Courier. 

" The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science 
of colour mixing and colour matching respectively, are especially good, and we do not remem* 
ber to have seen the bearing of various kinds of light, and of the changes from one kind of light 
to another on the work of the colourist, so well treated elsewhere." — Dyer and Calico Printer, 

"It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form. It is pleasing to note that the practical part is not crowded out with purely 
* practical recipes '. A few typical examples are given, and the rest is left to the common sense 
and judgment of the printer or works' chemist. Another pleasing feature is the accounts given 
here and there of the author's own researches on the subject. The work will be of interest to- 
printers of wool generally, and to those engaged in the dyeing of this Rhre."— Journal of ttu 
Society of Dyers and Colourists. 

A PRACTICAL TREATISE ON THE BLEACHING OP 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh, Lecturer on Chemical Technology, 
London. Demy 8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d ; 
Other Countries, 15s. ; strictly net. 

Contents. 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III 
Washing: Its End and Importance— Roller Washing Machines— Wash WheeMDash Wheel)— 
Stocks or Wash Mill— Squeezing. Chapter IV. Lye Boiling — Lye Boiling with Milk of Lime 
— Lye Boiling with Soda Lyes — Description of Lye Boiling Keirs — Operations of Lye Boiling 
— Concentration of Lyes. Chapter V. Mather and Piatt's Keir— Description of the Keir — 
Saturation of the Fabrics — Alkali used in Lye Boiling — Examples of Processes. Chapter VI. 
Soap — Action of Soap in Bleaching — Quality and Quantity of Soaps to use in the Lye — Soap 
Lyes or Scalds — Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking — Remarks on Chlorides and their De- 
colourising Action — Chemicking Cisterns — Chemicking — Strengths, etc. Chapter IX. Sour» 
—Properties of the Acids — Effects Produced by Acids— Souring Cisterns. Chapter X. 
Drying — Drying by Steam — Drying by Hot Air— Drying by Air. Chapter XI. Damages to 
Fabrics in Bleachmg— Yarn Mildew — Fermentation— Iron Rust Spots— Spots from Contact 
with Wood — Spots incurred on the Bleaching Green— Damages arising from the Machines. 
Chapter XII. Examples of Methods used in Bleaching— Linen— Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies — Object of Alkalimetry — Titration of Carbonate of Soda — Comparative Table of 
Different Degrees of Alkalimetrical Strength— Five Problems relative to Carbonate of Soda 
—Caustic Soda, its Properties and Uses— Mixtures of Carbonated and Caustic Alkalt— Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and CarK- 
iBoda). Chapter XIV. Chlorometry— Titration— Wagner's Chlorometric M" 
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tion of Standard Solutions — Apparatus for Chlorine Valuation— Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides — Synopsis — 
Chlorine— Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — ^Various De- 
colourising Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda. 
Chapter XVL Water— Qualities of Water— Hardness— Dervaux's Purifier— Testing the 
Purified Water— Different Plant for Purification— Filters. Chapter XVIL Bleaching of 
Yam— Weight of Yam — Lye Boiling— Chemicking— Washing — Bleaching of Cotton Ysum. 
Chapter XVIIL The Installation of a Bleach Works— Water Supply— Steam Boilers— Steam 
Distribution Pipes— Engines— Keirs — Washing Machines — Stocks — Wash Wheels — Chemick- 
ing and Souring Cisterns— Various — Buildings. Chapter XIX. Addenda — Energy of De- 
•coTourising Chlorides and Bleaching by Electricity and Ozone — Energy of Decolourising 
Chlorides— Chlorides — Production of Chlorine and Hypochlorites by Electrolysis — Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime — ^Trilfer'a 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides — Bleaching 
by Ozone. 

THE SCIENCE OP COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showingr Eleven Dyed Speolmens of Fabrics. 132 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour a Sensation: Colours of Illuminated Bodies; Colours of Opaque and 
Transparent Bodies; Surface Colour. — II., Analysis of Light; Spectrum; Homogeneous 
Colours; Ready Method of Obtaining a Spectrum. — III., Examination of Solar Spectrum; 
The Spectroscope and Its Construction ; Colourists' Use of the Spectroscope. — IV.. Colour by 
Absorption ; Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight. — ^V., Colour 
Primaries of the Scientist versus the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours. — 
Vl., Colour Mixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades 
from few Colours ; Consideration of the Practical Primaries : Red, Yellow and Blue. — VII., 
Secondary Colours ; Nomenclature of Violet and Purple Group ; Tints and Shades of Violet ; 
Changes m Artificial Light. — VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades. — Appendix: Four Plates with Dyed Specimens Illustrating Text. — Index. 

Press Opinions. 

"The work has evidently been prepared with great care, and, as far as we can judge, should 
be very useful to the dyer and colourist." — Halifax Courier. 

*• The volume, which is clearly and popularly written, should prove of the utmost service to 
all who are concerned with the practical use of colours, whether as dyers or painters." — 
Scotsman. 

"To the practical colourist, and also to technical students, Mr. Paterson 's new work will be 
very welcome We are often asked to recommend books on different subjects, and have no 
hesitation in advising the purchase of the present volume by dyers and calico printers, as con- 
taining a mass of most useful information at a nominal price." — Irish Textile Journal. 

" Mr. Paterson 's wosk not only clearly deals with the theory of colour, but supplies lucid 
■directions for the practical application of the theory. His work will be found exceedingly 
helpful, not only to the practical colourist, but also to students in our textile colleges, by 
forming a useful complement to their class lectures. There are several exquisitely coloured 
plates and a large number of other illustrations of theory and practice in colour blending, and 
also a series or plates with specimens of dyed fabrics attached, in explication of the author's 
views." — Wakefield Express. 

" Mr. Paterson has little to say upon the experimental aspect or on its aesthetics, but much 
upon the theory of colour, especially as it bears upon the question — an all-important one to 
dyers, calico pnntcrs and artists, who have to produce such a variety of shades and tints — of 
the admixture of one colour upon another. . . . The author is a dyer, and in his concluding 
-chapters keeps well before him the special wants and requirements of dyers. He writes 
pleasantly and lucidly, and there is no difficulty in following him, although here and there a 
lapse into ambiguousness occurs. The book is well printed, generously supplied with coloured 
plates, very nicely if not brightly got up ; and the dyed patterns at the end enhance the value 
of the book to the dyer." — Textile Mercury. 

" For some time the proprietors of The Oil and Colourman's Journal have been engaged in 
the publication of a series of practical handbooks intended for the use of those interested in 
<jertain branches of technology, and the present volume is the latest addition to their list. 
The feature which the works have in common — and it is an all-important one in treatises of 
this sort — is their eminently practical character. The primary aim of the publishers is to 
provide scientific text-books which will be helpful to those who are either actively engaged in 
the practice of the arts in question, or who are studying with that immediate end in view. . . . 
Mr. Paterson speaks with that assured knowledge of an expert, and in the present volume, as 
in that which he has already contributed to the same series, he sets forth the true foundation 
of the art of colouring in a manner at once comprehensive and judicious. . . . For dyers, 
-calico printers and colourists in general, whose desire it is to work with accuracy in their 
respective branches, the treatise will prove an invaluable guide-book, provided the principles 
and methods it describes are studied with intelligence and care. To this end, every encourage- 
ment has been given that well-chosen examples, carefully executed plates and diagrams, and 
an exhaustive index can supply." — Glasgow Herald. 
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COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., Colour Vision and Structure of the Eve — Perception of Colour — Primary 
and Complementary Colour Sensations. — II., Daylight for Colour Matching — Selection of a 
Good Pure Light— Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, 
etc., etc. — III., Matching of Hues — Purity and Luminosity of Colours— Matching Bright Hues 
— ^Aid of Tinted Films — Matching Difficulties Arising from Contrast.— IV., Examination of 
Colours by Reflected and Transmitted Lights — Effect of Lustre and Transparency of Fibres 
in Colour Matching. — V., Matching of Colours on Velvet Pile— Optical Properties of Dye- 
stuffe, Dichroism, Fluorescence. — VI., Use of Tinted Mediums — Orange Film — Defects of the 
Eye — Yellowing of the Lens — Colour Blindness, etc. — VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings — Its Difficulties — Behaviour of Shades in Artificial Light — Colour 
Matching of Old Fabrics, etc. — VIII., Examination of Dyed Colours under the Artificial Lights 
— Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc. — Testing 
Qualities of an Illuminant. — IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights — Study of the Causes of Abnormal Modifications of Hue, etc. 

Reissue of 

THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. le 

PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 

Demy 8vo. 446 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 

Other Countries, 6s. ; strictly net. 

Contents. 
Part I., The Art of Dyeing: Wool and Woollen Cloth, Stuffs, Yam, Worsted, etc. : 
Introduction. — Chapters I., Of the Vessels and Utensils used in Dyeing.— II., Of the Fixed 
ind Fugitive, commonly called Great and Little Dye.— ill.. Of Colours in Grain. Dyeing: 
Wool : IV., Of Blue.— v.. Of the Pastel Vat— Directions for the Proper Management of the 
Vat — Indications when the Vat has Suffered by too much or too little Lime, the two extremes 
which ought carefully to be avoided — The Preparations of Indigo for the Pastel Vat. — VI., 
Of the Woad Vat.— VII., Of the Indigo Vat.— VIII., Of the Cold Indigo Vat with Urine— A 
Hot Indigo Vat with Urine— To Reheat a Urine Vat.— IX., A Cold Indigo Vat without Urine. 
—X., Of the Method of Dyeing Blue.— XI., Of Red.— XII., Of Scarlet in Grain, or Venetian 
Scarlet.— XIII., Of Fire Scarlet.— XIV., Of Crimson.— XV., Of Gum Lac Scariet.— XVI., Of 
the Coccus polonicus, a Colouring Insect.— XVII., Of Madder Red.— XVIII., Of Yellow.— XIX., 
Of Brown or Fawn Colour.— XX., Of Black.— XXI., Of the Colours obtained from a Mixture of 
Blue and Red.— XXII., Of the Mixture of Blue and Yellow.— XXIII., Of the Mixture of Blue 
and Fawn Colour.— XXIV., Of the Mixture of Blue and Black.— XXV., Of the Mixture of Red 
and Yellow.— XXVI., Of the Mixture of Red and Fawn.— XXVII., Of the Mixture of Red and 
Black.— XXVIII., Of the Mixture of Yellow and Fawn Colours.— XXIX., Of the Mixture of 
Yellow and Black.— XXX., Of the Mixture of Fawn Colour and Black.— XXXI., Of the Prin- 
cipal Mixtures of the Primitive Colours by Three and Three.— XXXII., The Method of Blending 
Wool of Different Colours for mixed Cloth or Stuffs.— XXXIII., The Method of Preparing 
Felts for Trial.— XXXIV., The Method of Dyeing Woollens False Colours.— XXXV., Of Flock 
or Goats' Hair.— XXXVI., Of Archil, and the Method of Using It.— XXXVII., Of Logwood.— 
XXXVIII., Of Brazil Wood.— XXXIX., Of Fustic— XL., Roucou.— XLL, Of French Berries. 
— XLII., Of Turmeric— XLI 1 1., Instructions for the Proof Liquor for Wool and Woollen 
Stuffs. 

Part II., The Art of Dyeing: Silk : Ungumming; and Boilini^ for White.— For Boiling of 
Silks Intended to be Dyed. — Observations on Ungummmg and Boilmg. — Of White.— Of Whiten- 
ing. — Sulphuring. — Observations on Whitening and Sulphuring. — Of Aluming. — Remarks on 
Aluming. — Of Blue. — Remarks on the Blue of Indigo. — Of Yellow.— Remarks on Yellow. — 
Aurora, Orange, Mordore, Gold Colour and Chamois. — Red and Crimson. — Remarks on 
Crimson.— Of False Crimson or the Red of Brazil. — Remarks on the Red, or Crimson of Brazil 
Wood.— Of Scarlet, Orange, Red and Cherry Colour. — Preparation oF the Carthamus op 
Bastard Saffron.— Remarks on the Dye of Carthamus or Bastard Saffrfju. -Of tKc Fal^e 
Poppy or Fire Colour Produced with Brazil Wood. — False Rose Coliiur. — Of Green.— 
Remarks.— Of Olives.— Remarks.— Of Violet.— Of Fine Violet, or Violet in (irafn. Of l-^al-^ 
or Common Violets or Lilac. — Of the Violet of Logwood.— Remarks. — Viok-l of LoKwiioJ urul 
Verdigris.— Violets of Brazil and Logwood.— Remarks.— Violets from Bmiil WtK>J anU Ar4;bU. 
— Of Purple, Gillyflower, and of Fine Cochineal or Purple.— Of False Purple.— Of MaruonA, 
Cinnamons and White Lees.— Remarks.— Of Nut Greys, Thorn Greys, BJacI* and ln>n Grey* 
and others of the same Species. — Of Black.— Softening of Black.— Black in tfic Haw .^Remarks 
on Black.— Particular Process Communicated by M. Hellot.— Genoa Crimsoti^ ei t^rocess 
Proved in May, 1743.— Violet Crimson of Italy.— Half Violet.— Genoa Black for Velvets. 

Part III., The Art of Dyeinr Cotton and Linen Thread, together with the Method 
of Stamping 5illcs, Cottons, etc: Of Dyeing in General.— Inquinr concurnmg Woot. Silk* 
Cotton and Flax.— Of Wool.— Of Silk.— Of Cotton.— Of Flax.— ConcluKon frt>rti ihc Kxtifninii 
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tion of Substances Commonly Dyed. — Of Bleaching.— Preparation for Stuffs to be Dyed. — 
Astringents. — Tbeor>- of Dyemg Stuffs Prepared with Alum. — Of Colouring Substances. — 
Of Cochineal and Cdouring Insects. — Of Madder. — Of Vegetables Furnishing a Yellow Dye. — 
Of the Colouring Drugs Used in Dyeing without Astringents. — Of Indigo.— Of Substances 
Used in Dyeing Fawn and Root Colour.— -Of Carthamus, Roucou, etc. — Of Black. Of Ehretns: 
of Cotton Thread : Of Cleansing. — Of the Colours Employed for the Dyeing of Cotton 
Thread.— Of Blue.— Of Red.— Adnanople Red.— Observations on this Dye.— Of Yellow.— Of 
Green. — Of Violet.— Of Red Cinnamon. — Of Black.— Black for Linen and Cotton Thread by a 
Combination of Colours. — Of Grey. — Of More Durable Greys. — Of Musk Colour.— Olive and 
Duck Greens.— Of Browns, Maroons, Coffiee Colours, etc. — Of Silk Stuffis Dyed of Several 
Colours.- The Manner of Staniping Silk, etc.. in Europe.— Of a Linen with a Blue Ground 
and White Pattern. — Of Saxon Blue. — Observations on this Dye. — Indexes. 

THE DYEING OP COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 78. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre. — II., Scouring and Bleaching of 
Cotton. — III., Dyeing Machinery and D^'eing Manipulations. — IV., Principals and Practice of 
Cotton Dyeing — 1, Direct Dyeing: 2, Direct Dyeing followed by Fixation with Metallic Salts; 
3, Direct Dyeing followed by Fixation with Developers ; 4, Direct Dyeing followed by Fixation 
with Couplers ; 5, Dyeing on Tannic .Mordant ; 6, Dyeing on Metallic Mordant ; 7, Production 
of Colour Direct upon Cotton Fibres: 8. Dyeing Cotton by Impregnation with Dye-stuff Solu- 
tion.— V., Dyeing Union (Mixed Cotton and Wool) Fabrics.— VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics.— VII., Operations following Dyeing— Washing, Soaping, Drying.— VIII., 
Testing of the Colour of Dyed Fabrics. — IX., Experimental Dyeing and Comparative Dye 
Testing. — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours, thus making tt of great service in the Dyehouse, while to the Student it 
IS of value in that the scientific principles which underlie the operations of dyeing are clearly 
laid down. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. 84 Illustrations. 
Crown 8vo. 1901. Price 3s. ; Abroad, 3s. 6d. ; strictly net. 
Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. — II., Bale- 
Breakers, Mixing Lattices and Hopper Feeders — III., Opening and Scutching.— IV., Carding. 
— Index to Illustrations. — General Index. 

COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. 70 Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., The Combing Process.— II., The Drawing Frame.— III., Bobbin and Fly Frames.- IV., Mule 
Spinning. — V., King Spinning. — Index to Illustrations. — General Index. 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. 74 Illustrations. Crown 8vo. 1901. Price 5s. ; 
India and British Colonies, 5s. 6d. ; Other Countries, Os. ; strictly net. 
Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., Cotton. — II., The Practical Manipulation of Cotton Spinning Machinery. — III., Doubling 
and Winding. — IV., Reeling. — V., Warping. — VI., Production and Costs. — VII., Main Driving. 
— ^VIII., Arrangement of Machinery and Mill Planning. — IX., Waste and Waste Spinning. — 
Index to Illustrations.— General Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description 
of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By Robert Lamprecht, Mining Engineer and 
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Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901. 
Price 10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; 
strictly net. Contents. 

Preface. — I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions. — II., 
Preventive Resrulations : 1, The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft ; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft ; 3, Pre- 
cautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity. — III., IndiCE- 
tions of an Existing or Incipient Fire.— IV., Appliances for Woridns: in Irrespirabie 
Qases : 1, Respiratory Apparatus ; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Miiller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus; 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap- 
paratus. The Improved Walcher-Gartner Pneumatophor, (a) The Single Bottle Apparatus, 
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 
ready for Use ; (6) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 
(The Mayer-Pilar System).— V. ExtingTUisliinsr Pit Fires : (a) Chemical Means ; (6) Extinction 
with Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the 
Seat of the Fire byDams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 
(a) Cross-dams of Clay ; (6) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirabie 
Gases (*• Gas-diving ") : 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur- 
sued at Karwin in 1894 ; 2, Air- Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a 
Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (b) 
Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
ihaped Dams. Dam Doors : Flooding the Whole Pit.— VI., Rescue Stations : (a) Stations 
ibove Ground; (b) Underground Rescue Stations. — VII., Spontaneous Ignition of Coal in 
Builc.— Index. 

Illustrations. 
Sheet I., Respiratory and Rescue Appliances— Precautions agrainst Fire. Figs. 1, 
Smoke Helmet; 2, Miiller's Smoke Helmet; 3, Low-pressure Respiration Apparatus; 4, High- 
ressure Respiration Apparatus ; 5, The Stolz Mask for Rescue Work ; 6, Precautions against 
?ire.— Sheet II., Respiratory and Rescue Apparatus. Figs. 1, Recovery Work with 
Miillers Smoke Helmet after a Fire ; 2-8, The Fleuss Respiration Apparatus ; 9, The Walcher- 
Gartner Pneumatophor: 10-12, Pneumatophor (Shamrock Type). — Sheet III., Respiratory 
and Rescue Apparatus— Stretchers. Figs. 1-8, Rescue Apparatus manufactured by O. 
Neupert's Successor (Mayer-Pilar System) ; 1, Front View ; 2, Section through Bag and Mask ; 
3, Rear View ; 4, Apparatus and Mask laid out Flat (view from above) ; 5, Apparatus and Mask 
laid out Flat (view from below) ; 6, Locking Device for Closing Bag; 7, Apparatus Complete, 
Mounted for Rescue Work ; 8, Improved Valve in the Respiration Tubes ; 9-12, Stretchers. 
Fig. 9, Stretcher Covered with Brown Canvas ; 10, Stretcher Covered with Brown Canvas, 
fitted with Adjustable Head-rest; 11, Folding Stretcher Covered with Brown Canvas; 12, 
Rupprecht's Stretcher Covered with Brown Canvas : 13, Dr. Rijhimann's Stretcher. — Sheet 
IV., Dams. Figs. 1-7, R. Wagner's Portable Safety Dam.— Sheet V., Sismalling: Appliances 
—Dam Construction— Cable Layingr. Figs. 1-3, Signalling Appliances ; 1, Small Induction 
Apparatus for Pit Work; 2, Bell Signal for Pit Work; 3, Pit Telephone; 4-18, Dam Con- 
struction ; 4, 5, Upright Timber Dam ; 6, 7, Timber Dam with Wooden Door ; 8, 9, Dome- 
shaped Dams; 10, 11, Dome-shaped Dam with Iron Door; 12, 13, The Wenker and Berninghaus 
Locking Device for Dam Doors; 14-17, Dam Construction ; 18, Damming a Gallery Lined with 
Iron ; 19, Support for Cable.— Sheet VI., Working with DivingT Gear in Irrespirabie Oases 
— Qallen^ Work. Figs. 1-4, Air-Lock Work (Mayer System); 5-7, Air-Lock (Mauerhofer's 
Modification of the Mayer System); 8-11, Construction of Dams at the Pluto Shaft. — Sheet 
VII., Workinjr with Diving Gear in Irrespirabie Qases (Mayer System)— Appliances in 
the Shaft. Figs. 1, 2, Sections of Shaft and Air Apparatus; 3, Salzmann Reducing Valve for 
Reserve Air Supply ; 4, 5, L. v. Bremen's Respiration Apparatus with Karwin Reserve Ap- 
pliance ; 6, Cross Section of the Franziska Shaft ; 7, Method of Supplying Air to Main Pipe 
and Winding same on Drum ; 8, Clamp. 

Press Opinions. 

•* A work of this extremely yaluable character deserves to be made widely known amongst 
collierv managers and mining engineers at home and abroad." — Coal and Iron. 

•• This book is. in a manner, unique. The literature of mining accidents is fairly extensive, 
but it consists lat^ely of departmental Blue Books."— Shej^ield Daily Telegraph. 

** A concise and lucid description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc." — Stajff^s Advertiser. 

"The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht's German treatise." — Ironmonger. 

"The book under notice supplies the needed full description, drawings, and mode of using 
these new appliances in actual fires, and should be studied by every colliery manager, seeing 
that even our best mana^^ed collieries have not been free from fires, more or less disastrous 
to life and property. — Colltery Manager. 



Fi 



32 

THE PREVENTION OP SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewbll, M.Sc., 
A.M.Inst., C.E., Consulting Engineer. 46 Illustrations. 190 pp. 
1901. Demy 8vo. Price 78. 6d. ; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory.— Chapters I.. Fuel and Combustion.— II.. Hand Firing in Boiler Furnaces. — 
III.. Stoking by .Mechanical Means,— IV., F»owdered Fuel.— V., Gaseous Fuel.— VI.. Efficiency 
and Smoke Tests of Boilers.- VII., Son»e Standard Smoke Trials.— VIII., The L^al Aspect 
of the Smoke Question.- IX., The Best Means to be adopted for the Prevention of Smoke. — 
Index. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances — 
Direct Generators — Burners — Rc^nerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces— Pottery Furnace — Coal Dust Firing. — Index. 

Press Opinions. 

"The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated."— C/i«mtc<4/ Trade Journal. 

*' The book will appeal with force to the manufacturer as well as to the technical student, 
whilst it is also of far more than average interest to the general reader." — Halifax Guardian, 

"The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
of the present volume most opportune." — Iron and Coal Trades Review. 

"The German author has long followed the development of various systems of gas firing, 
and in the present treatise he discusses the merits of appliances patented since 1885. His text 
and the numerous illustrations indispensable to it will be found useful by all who are engaged 
' in practical work in the same field."— Sorth British Daily Mail. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. 1896. Price 7s. 6d. ; India and Colonics, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Roof Cesspools.— IV., Socket 
Pipes.— v., Drips.— VI., Gutters.— VII., Gutters (continued).— VIII., Breaks.- IX., Circular 
Breaks.— X., Flats.— XL, Flats (continued).— XII., Rolls on Flats.— XIII., Roll Ends.— XIV.. 
Roll Intersections.— XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVII., Tack Fixings. 
— XVIIL, Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI., 
Soakers.— XXII., Hip and Valley Soakers.— XXIII., Dormer Windows.— XXIV., Dormer 
Windows (continued).— XXV., Dormer Tops.— XXVL, Internal Dormers.— XX VI I., Skylights. 
— XXVIIL, Hips and Ridging.— XXIX., Hips and Ridging (continued).— XXX., Fixings for 
Hips and Ridging.— XXXL, Ornamental Ridging.— XXXII., Ornamental Curb Rolls.— XXXl II., 
Curb Rolls.— XXXiV., Cornices.— XXXV., Towers and Finials.— XXXVI., Towers and Finials 
(continued).— XXXVII.,Towers and Finials (continued).— XXXVI II., Domes.- XXXIX., Domes 
(continued).— XL., Ornamental Lead Work.— XLL, Rain Water Heads.— XLIL, Rain Water 
Heads (continued). — XLIIL, Rain Water Heads (continued). 

Press Opinions. 

" This is an eminently practical and well-illustrated volume on the management of external 
ead work." — Birmingham Daily Post. 

** It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience."— Sanitary Journal. 

" Works on sanitary plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmonger, 

" With Mr. Hart's treatise in his hands the young plumber need not be afraid of tackling 
outside work. He would do well to study its pages at leisure, so that he may be ready for it 
when called upon." — Ironmongery. 
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HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Introduction. — Chapters I., Pipe Bending. — II., Pipe Bending (continued). — III., Pipe 
Bending (continued).-^IV., Square Pipe Bendings. — ^V., Half -circular Elbows. — VI., Curved 
Bends on Square Pipe.— VII., Bossed Bends.— VIII., Curved Plinth Bends.— IX., Rain-water 
Shoes on Square Pipe. — X., Curved and Angle Bends. — XL, Square Pipe Fixings. — XII., Joint- 
wiping. — XIII., Substitutes for Wiped Joints. — XIV., Preparing Wiped Joints. — XV., Joint 
Fixings.- XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIII., Use of "Touch" in Solder- 
ing. — XIX., Underhand Joints. — XX., Blown and Copper Bit Jdints.— XXI., Branch Joints. — 
XXII., Branch Joints (continued).— XXIII., Block Joints.- XXIV., Block Joints (continued).— 
XXV., Block Fixings.— XXVI,, Astragal Joints— Pipe Fixings.— XXVII., Large Branch 
Joints.— XX VI 1 1., Large Underhand Joints.— XXIX., Solders.— XXX., Autogenous Soldering 
or Lead Burning. — Index. 

Press Opinions. 

•• Rich in useful diagrams as well as in hints." — Liverpool Mercury. 

"The papers are eminentlv practical, and go much farther into the mysteries they describe 
than the title * Hints' properly suggests." — Scotsman. 

'* The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

" So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches 
of the plumber's craft, viz., joint wiping, pipe bending and lead burning. . . . 'Hints' are the 
most useful things to an apprentice, and there are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

••22 Pryme Street, Huix, TAth November ^ 1894. 

•• Gentlemen, — Your books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked 
through the same I can safely recommend it as being the best book I have seen. Mr. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential 
branches in the plumbing trade. '^ 

THE PRINCIPLES f AND PRACTICE OFj| DIPPING, 
BURNISHING, LACQUERING AND ' BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 
Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping. — II., Scratch- 
brushing and Burnishing; Polishing; Burnishing. — III., Lacquering; Tools; Lacquers. — 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 

Press Opinions. 

" Mr. Brown is clearly a master of his craft, and has also the immense advantage of being 
able to convey his instructions in a manner at once clear and concise." — Leicester Post. 

"A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do." — Ii ish Builder. 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vD. 128 pp. 1901. 
Price 2s. 6d. ; Abroad, Ss. ; strictly net. 
Contents. 

Parts I., Decorating. — II., Painting. — III., Paper-hanging. — IV., Miscellaneous. 
Arranged in alphabetical order. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown Svo. 
1900. Price Ss. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. • 
strictly net. Contents. 

Chapters I., Tools and Appliances.— II., Colours and Their Harmony.— III., Pigments and 
Media. — IV., Pigments and Media. — V., Pigments and Media.— VI., Pigments and Media.— 
VII., Preparation of Work, etc. — VIII., Application of Ordinary Colour. — IX., Graining. — 
X., Graining.— XL, Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 
Painting.— XV., Internal Decoration.— Index. 

Press Opinion. 

"The author is evidently very thoroughly at home in regard to the technical subjects he has 
set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail tr 
carry away a clearer grasp of the details of the subject after going over the performance."- 
BuUaing Industries. 
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A HISTORY OP DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
28. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Primitive and Prenistoric Art. — II., Egyptian Art. — III., Assyrian Art. — IV., 
The Art of Asia Minor.— V., Etruscan Art.— VI., Greek Art.— VII., Roman Art.- VIII., 
Byzantine Art.— IX., Lombard or Romanesque Art. — X., Gothic Art. — XI., Renaissance Art. — 
Xll., The Victorian Period.— Index. 

Press Opinion. 

" In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
interesting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space namc^ the subject is treated ex-> 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. Price 2s. net. [Ready, 

Contents. 

A Few Words on Enamelling — Appliances and Apparatus — Japans or Enamels — To Test 
Enamel for Lead — Japanning or Enamelling Metals — Japanning Tin, such as Tea Trays, and 
similar Goods — Enamelling Old Work — Enamel for Cast Iron— Enamel for Copper Cooking 
Utensils — The Enamelling Stove — Enamelling Bedsteads, Frames and similar large pieces — 
Paints and Varnishes for Metallic Surfaces — Varnishes for Ironwork — Blacking for Iron — 
Processes for Tin Plating — Galvanising — Metal Polishes— Colours for Polished Brass — ^A 
Golden Varnish for Metal — Painting on Zinc — Carriage Varnish — Japanese Varnish and its 
Application. — Index. 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.G. * With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Water Circulation.— II., The Tank System.—III., Pipes and Joints.— IV., The 
Cylinder System.— V., Boilers for the Cylinder System.— VI., The Cylinder System.— VII., The 
Combined Tank and Cylinder Svstem. — VI 1 1., Combined Independent and Kitchen Boiler. — 
IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Boiler Explosions.— XL, Pipe Boilers.— XI I. .Safety Valves.— XIII., Safety Valves.— XIV., The 
American System.— XV., Heating Water by Steam.— XVI., Steam Kettles and Jets.— XVII., 
Heating Pouer of Steam.— XVI II., Covering for Hot Water Pipes.— Index. 

Press Opinion. 

" If all plumbers were to read this book, and if they followed the instructions given, there 
would, we are sure, be fewer accidents from household boiler explosions, and many lives might 
be saved. No doubt the majority of householders know or care little about the subject, but 
any one who -wishes to adopt the most up-to-date system of supplying hot water throughout 
his house will be able to do so if he reads Mr. Hart's book and rollouts the instruction given. 
It is a work that all who have charge of domestic water supply should study. It is a practical 
and profitable book." — Wigar Observer. 

Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy -eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries^ 
15s. ; strictly net. 

Contents. 

PART I., HISTORY OF THE HOP. 

PART II., THE HOP PLANT. Introductory.— 'iTie Roots.— The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop.— The Fruit and its Glandular Structure : The Fruit and Seed.— 
Propigation and Selection of the Hop. — Varieties of the Hop: (a) Red Hops ; (b) Green Hops; 
(c) Pale Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops. — Injuries to Growth : Malformations; Diseases 
Produced by Conditions of Soil and Climate : 1. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wmd, Hail and Rain ; V^etable 
Enemies of the Hop : Animal Enemies of the Hop. — Beneficial Insects on Hops. 



35 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation : Climate ; Soil ; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year. — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut ; 11. Proper Season for Cutting : Autumn Cutting, Spring 
Cutting ; Manuring ; Training the Hop Plant : Poled Gardens, Frame Training ; Principsd 
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Biding. — Principal and Subsidiary Utilisation of Hops and Hop Gardens. — Li^ 
of a Hop Garden ; Subse(|uent Cropping. — Cost of Production, Yield and Selling Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure ofthe Hop Cone. 
— Judging the Value of Hops. 

PART v.— Statistics of Production.— The Hop Trade.— Index. 

Press Opinions. 

•• The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World. 

" Farmers are but little given to reading ; but nowadays brewers have to study their trade 
and keep abreast of its every aspect, and as far as regards our trade, to them this book 
especially appeals, and will be especially useful." — Licensed Victuallers' Gazette. 

•* Like an oasis in the desert comes a volume upon the above subject, by the Professor at 
the Higher Agricultural College, Tetschen-Liebwerd, Germany, who has been fortunate 
enough to obtain an excellent translator from the German in the person of Mr. Charles 
Salter. The paucity of works upon the history and cultivation of hops is surprising con- 
sidering the scope it gives for an interesting and useful work." — Hereford Times. 

" We can safely say that this book deals more comprehensively and thoroughly with the 
subject of hops than anv work previously published in this country. . . . No one interested in 
the hop industry can fail to extract a large amount of information from Professor Gross's 
pages, which, although primarily intended for Continental readers, yet bear very closely on 
what may be termed the cosmopolitan aspects of the science of hop production." — South 
Eastern Gazette. 

" This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops, 
their culture and preservation, etc., that has been published, and to the hop grower especially 
will its information and recommendations prove valuable. • Brewers, too, will find the chapter 
devoted to 'Judging the Value of Hops ' full of useful hints, while the whole scope and tenor of 
the book bear testimony to the studious and careful manner in which its contents have been 
elaborated." — Brewers' Journal. 

"Considering the extent to which this country draws its hop supplies from abroad, this 
translation of Professor Gross's volume will prove an interesting and instructive addition to 
the library of any brewer or brewers' chemist, the more so as the work of translation has been 
admirably carried out in simple and vigorous English. . . . The volume is one of a valuable 
series of special technical works for trades and professions the publishers are issuing, and is 
the first so far dealing with the brewing industry." — Burton Mail. 

" A work upon the above subject must be welcomed if for no other reason than the dearth 
of books dealing with so interesting a theme, but fortunately apart from this the book will 
afford excellent reading to all interested in hops and their culture. Professor Gross takes one 
over the whole field, by commencing with the earliest history of the plant — so far back as the 
days of ancient Greece — and from both practical, theoretical and scientific standpoints, deals 
with the cultivation, classification and formation of the hop. ... In speaking of the produc- 
tion of new varieties sound information is given, and should be of value to those who are 
always in search of improvements." — Hereford Journal. 

** This work is, without doubt, the most thorough and extensive compilation on hops ever 
yet offered to the public, and for this reason should be warmly welcomed and appreciated by 
men interested in the subject. Although primarily written for those engaged in the industry 
abroad, and mainly Continental in theory and practice, it nevertheless appeals to those con- 
nected with the hop growing and brewing business in England, not only by way of a com- 
parison, but also as an instruction. The volume is at once practical and scientific, is well 
got up, and teems with illustrations and statistics. In a word, it is a book that should find 
Its way into the hands of all who are occupied in hop production and distribution at home ; 
smd it also contains valuable information and suggestions for the brewers themselves." — 
Brewers* Guardian. 

Public Libraries. 

BRITISH LIBRARY YEAR BOOK, 1900-1901. A Record 
of Library Progress and Work. 54 Illustrations. Crown 8vo, 345 pp. 
1900. Edited by Thomas Greenwood. Price 3s. ; abroad, 3s. 6d. ; 
strictly net. 

Contents. 

Notes for Libranr Committees. Contributed Articles : The Library Rat*. Some Points in 
Library Planning — Mr. Burgoyne. Library Classification — Mr. Jast. Developments in Lib- 
rary Cataloguing — Mr. Quinn. Children and Public Libraries — Mr. Ballinger. Fire Prevention 
and Insurance — Mr. Davis. The Educational Work of the Library Association — Mr. Roberts. 
The Library Assistants' Association — Mr. Chambers. British Municipal Libraries established 
under the various Public Libraries or Special Acts, and those supported out of Municipal Funds 
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giving particulara of Establishment, Organisation, Staff, Methods s^id Librarians. IVible 
shoMiiing the Rate, Income, Work and Hours of the Rate-supoorted Libraries. Statistioti] 
Abstracts. British non-Municipal Libraries, Endowed, Collqgiate, Proprietary and others, 
showing date of Esta'blishment, number of Volumes, Particulars of Admmistration, and Lib- 
rarians. Library Associations and Kindred Societies. 

Press Opinions. 

"This is a handbook which tells the reader everything about public libraries, great atxl 
small, in the United Kingdom. . . . The bookisdecidedlyoneof the best arranged vol imies ever 
published, and there is no doubt that the editor has been at great pains to obtain the latest 
and most accurate information from all places. County, district and parish council^ 
ministers of religion, and schoolmasters everywhere should make themselves acquainted with 
its contents. Its perusal cannot fail to serve the ends of the librai^ movement. The illustra- 
tions, of which there is a large number, are very good." — Western (Cardiff) Mail. 

WORKS IN PREPARATION. 

PRINCIPLES OP SIDEROLOGY (The Science of Iron). 

Translated from the German of Hanns Freiherr v. Zuptner. 
STAINED GLASS (Ancient and Modern) and FRET LEAD 

GLAZING. By E. R Suffling. 

TREATISE ON CLOTH FINISHING. By Robert 

Beaumont, of Yorkshire College, Leeds. 
INDIA-RUBBER; GUTTAPERCHA. 

EVAPORATION, CONDENSATION AND COOLING. 

Calculations of Dimensions of Apparatus. By B. Hausbrand. 
Tables. For Chemists, Chemical and Mechanical Engineers. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES. Spinning, Washing, Bleaching, Dyeing, Printing 
and Finishing. By Dr. G. von Georgievics. [/w the Press. 

WEAVING MACHINERY. Three Vols. By Harry Nisbet. 
COLOUR TERMS: THEIR PROPER USE AND 

MEANING. By David Paterson. 
LEAD AND ITS COMPOUNDS. By Thos. Lambert^ 

COTTON COMBERS AND THE COMBING PROCESS. 

By Thos. Thorn ley. , [In the Press. 

TIMBER. Its Physical and Chemical Properties, Description, 
Distribution throughout the World, Forests, Preservation of Timber, 
and Applications. From the French of Paul Charpentier. 179 Illus- 
trations. About 500 pp. 

USE OF WATER IN THE INDUSTRIAL ARTS. Com- 
position — Influences — Residual Water — Purification — Analysis. From 
the French of H. de la Coux. 135 Illustrations. About 500 pp. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the Most Important Substances Used 
in Dyeing, Printing, Bleaching and Finishing. By Paul Heermann, 
Ph.D. Translated by Arthur C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). [In the Press. 

HANDY GUIDES TO THE CHOICE OF BOOKS.. ^. 
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BOOKS. 

Others to follow. [In Preparation. 
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